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I. The larger Coal Measure Amphibia. 

By D. M. S. Watson, M.Sc. 

' {/ deceived and read October i$th, jgr2 ) 

The large StegocephaJia of the Coal Measures a nd 
Lower Carboniferous, although of very great interest, 
have never been satisfactorily described, and the present 
partial description of some of the material in the New- 
castle Museum is to be regarded as a preliminary sketch, 
to be followed by a more fully illustrated memoir dealing 
with all the available material 

The material at Newcastle includes five more or less 
complete skulls of “Loxomma Allmani ” : and separate: — 
premaxillae, maxillae, lachrymal, supra temporal, frontal 
pre-vomer and palatine bones, one complete and seven 
incomplete rami of the lower jaw, including separate 
dentary and splenial elements, of the same form, which is 
probably not even generically identical with Huxley’s 
type of the species. 

The form described by Atthey as “ Anthracosaurus 
RusselU ” is represented by one complete skull and 
separate premaxillary, maxillary, nasal, pre-vomer, and 
palatine bones, and separate portions of skulls consisting 
of frontals, post-frontals, parietals, post-parietals, tabulares, 
supratemporals, and b&sisphenoid, parasphenoid, exoccip- 
ital, prootic and opistbotic, respectively. There are also 
two complete r£mi of the lower jaw and some other frag- 
meats. This type is very different from the original type 
of the swedes, and I intend to refer to it as Pteroplax. 

|n addition to the skulls there are very many verte- 
brae, ribs, cfayioalar elements, etc., which canffot generally 
idea#&e& • * 
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All the specimens are crushed quite flat but shew the 
sutures with admirable clearness. All the material is 
excellently prepared, almost all the bones being free from 
matrix. 

Embleton and Atthey have described the best skull 
of “ Loxomma'' in a paper illustrated with very excellent 
figures. Their description of the upper surface of the skull 
is very accurate and detailed, except that they state that 
the alveolar border of the left maxilla is imperfect, when 
actually the whole bone has been disarticulated and is 
missing. Their description of the quadrate and palate are 
not satisfactory because they were misled by presumed 
resemblances to the crocodile. Reference to their figures 
will give all necessary information about the top of the 
skull. The palate is redescribed below. 

The Basi-occipital is a small bone of conical shape, the 
base being formed by the single large condyle, which is 
concave, and exactly resembles the end of a vertebral 
centrum, which it no doubt is. 

The greater part of the rest of the bone is covered 
with roughened surfaces for other bones, the back of the 
parasphenoid below and the exoccipitals above ; it is prob- 
able that it did not enter into the foramen magnum, its 
upper surface being completely covered by the two 
exoccipitals. 

The Basisphenoid, Parasphenoid, and Ethmoid are 
fused together, and only their lower surface is well seen. 
The back of the basisphenoid is recessed for the anterior 
end of the basi-occipital, and what is presumably the 
posterior end of the parasphenoid projects backwards, 
covering the lower surface of the latter bone. The 
sides of the basisphenoid slope upwards, passing im- 
perceptibly into the opisthotic and* pro-otic. On each 
side of the bone in the region of the pituitary fossa is a 
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powerful process, the processus basipterygoideus, which 
has a well-marked, smooth, articulating face on its 
anterolateral side : deeply impressed on the bone on the 
inner side of each of these processes is a groove which 
leads round from the side of the basis cranii to open in 
front into a foramen passing through the bone, which is 
undoubtedly the carotid foramen. In advance of this 
region the bone is laterally compressed and transformed 
into a deep plate articulating above with the roof of the 
skull and appearing on the palate for about half the length 
of the skull. 

The Pterygoid is a very large bone forming the 
greater part of the palate. It articulates by a well-marked 
facet with the basisphenoid exactly as does that of 
SpJienodon. From this region it passes forward as a broad 
flat plate apparently touching the parasphenoid for some 
distance and certainly having a long articulation with its 
fellow in front. The posterior part of the pterygoid is 
bent round so as to reach the top of the skull. It unites 
with the squamosal to form a floor to the otic cavity and 
passes backwards with the squamosal to the quadrate. 

The quadrate is a large bone, which only appears for 
a small area on the upper surface of the skull, where it is 
overlapped by the pterygoid and has a strong sutural 
attachment to the quadratojugal and squamosal by a 
much-thickened edge. On the under surface it has a 
larger exposure, passing upwards on the under surface of 
the roof of the skull until its upper end is received in a 
slit in the squamosal, which thus covers it both dorsally 
and ventrally. The posterior end of the bone is thickened 
and forms an articulating surface. The relations of the 
bones are shown in the drawing ( Plate ). 

This is, I believe, the first complete account of the 
quadrate in a Carboniferous or Permian Stegocephalian. 
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Lying on the outer side of the pterygoid behind is the 
Transpalatine, a thin flat bone, whose outer border is 
thickened and articulates by a very loose suture with the 
maxilla. The anterior border of the bone is in contact 



Fig. i. Skull of “ LoAommaF Palatal aspect, 
x*. 

B.Oc., Basi -occipital. B.Sj\, Basisphenoid. 

Kx.Oc., Kxoccipital. J., Jugal. Mx., Maxilla. 

Q.J., Quadrato-jugal. Qu., Quadrate. Pal., 

Palatine. Pr.Mx., Premaxilla. Pr.V., Prc- 
vomcr. Pt., Pterygoid. So., Squamosal. Tk., 

Transverse. 

with the palatine for its whole breadth, there being no 
sub-orbital fossa. 

The Palatine is very similar |o the transverse in 
general character, but bears two large tusks near its outer 
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border. Each of these teeth has associated with it a 
shallow pit from which a tooth has been shed, and in 
which a replacing tooth will be formed. In some cases 
both teeth are present at once, a condition which was 
undoubtedly only transitory ; this curious type of tooth 
change is very characteristic of the Stegocephalia, and is 
unknown elsewhere except in the *Crossopterygian fish, 
where it occurs in a very typical form in the vomerine 
tusks of Megalichthvs , and no doubt in many other genera, 
and in Lcpidosteus. This occurrence seems to me a strong 
additional reason for regarding the Tetrapoda as derived 
from this group of fish. 

The outer edge of the palatine has a long bearing 
with the maxilla, and the anterior end of the bone narrows 
and has a smooth edge forming the back of the posterior 
nar is. 

The pre-vomer is a large bone which meets its fellow 
in a long median suture, behind which it has a long 
articulation with the pterygoid, which extends backwards 
until it meets the palatine. These two bones are in con- 
tact until the posterior naris is reached, when they separate, 
the pre-vomer forming its anterior border. The lateral 
edge of the bone articulates with the premaxilla and 
maxilla, and in front it forms the back of the large 
anterior palatine vacuity. The pre-vomer carries one 
large tooth and the pit for its successor. 

The Premaxilla has a very narrow palatal exposure, 
being solely represented by its tooth-bearing edge, which 
widens at the middle line into a short, blunt, backwardly 
directed process. 

The Maxilla is entirely formed by a plate on the side 

* Throughout this paper “ Crossopterygian ” is used as including only 
the three families Holoptychiida , Rhizodoniida and Osteolepidic of S. Wood- 
ward’s sub-order Rhipidistia , and excluding Tarrasius , Civ la can thus and 
Poly pier us. 
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of the skull, whose lower tooth-bearing border alone 
appears on the palate, lying along the thickened edges of 
the pre- vomer, palatine, and transverse bones ; it forms a 
portion of the outer side of the internal nasal opening. 
It is a curious fact that in Loxomma the palatine is fused 
with the lachrymal, although both bones are quite free 
from the easily detached maxilla. 

Pteroplax is best represented by the skull which was 
described by Atthey as “Anthracosaurus Russelli." His 



Pig. 2 . Skull of Pieroplax sp. Palatal aspect. 

x J. 

Reference letters as on fttg. i. 


description of the upper surface is quite accurate, except 
that he treats part of the pterygoid as the quadrate, and 
taken in connection with his excellent figures gives a good 
idea of the general form of the skull. 

I have never seen a Basi-occipital, but it must have 
been very' similar to that of ‘'Loxomma” except in 
appearing in the lower border of the foramen magnum. 
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The basis cranii is very similar in the two types, except 
that in Pteroplax the carotid grooves, after curving round 
the very large processi basiptcrygoidei, pass up the sides 
of the bone to enter the pituitary fossa. 

The Exoccipital is a very small bone articulating 
below with the basi-occipital and above with the opisthotic. 
It does not appear to be pierced by any foramen. The 
opisthotic and pro-otic are fused. Their joint upper 
border has a distinct facet for the epiotic, which truncates 
the grooves for the semicircular canals, which are freely 
exposed on the inner surface of the bone ; the opisthotic 
also bears a short paroccipital process, which articulates 
with a very distinct facet on the under side of the tabulare. 
Between the pro-otic and the exoccipital is a triangular 
notch, which no doubt gave exit to VII.? IX., X. nerves. 
In front of the ear the inner surface of the pro-otic is 
smooth, forming part of the brain case. The bone ends 
anteriorly in a notched border, in front of which the other 
cranial nerves seem to have passed out. In this region 
the basisphenoid is excavated by the pituitary fossa, the 
sides of which are covered bv a pair of processes which 
rise as they pass forward to fuse with the parasphenoid 
and ethmoid to form a thin vertical plate of bone, which 
runs forward in contact with the roof of the skull, nearly 
or quite to the premaxillae. Reduction of this mass of 
bone would easily give rise to the Sphenethmoid, a bone 
which certainly occurs in some Stegocephalia ( Myriodon ). 

The palate of Pteroplax , though very different in 
details from that of “ Loxomma? has a fundamental 
resemblance that is very striking. The pterygoids in the 
two types are very similar, but in Pteroplax the articular 
facet for the basisphenoid is carried on a distinct process, 
and the bone appears to extend forwards to meet the 
pre-maxilla, The sutures in this part of the skull are not, 
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however, very clear, and it is possible that the broad bar 
which reaches forward is really formed by the ethmoid or 
parasphenoid, the pterygoids being terminated by sutures. 
The greater part of the palatal surface of the pterygoid is 
covered with a shagreen of small sharp teeth. 

There is no transverse bone, the Palatine extending 
back to the end of the maxilla. Jt is generally similar to 
that of “ Loxomma? but instead of two large teeth has 
only one, the hinder being represented by eight or nine 
small teeth, arranged in a close set row parallel to the 
edge of the maxilla. 

The Pre-vomer is a small bone bearing one very large 
tooth and a replacing tooth or its pit. Just behind and 
outside the tusk is a small notch which forms the anterior, 
internal, and posterior borders of the posterior naris. The 
appearance of two articulated skulls and an isolated bone 
seem to shew definitely that the Pre-vomers did not meet 
in the middle line. 

The two types just described, which come from the 
Middle Coal Measures, agree in all their more striking 
features. The occurrence of a single basioccipital condyle, 
of very reptilian processi basipterygoidei, of very large 
pterygoids, which leave only a small inter-pterygoid 
vacuity divided by a narrow parasphenoid, separate them 
off very distinctly from all Permian and Triassic Stegoce- 
phalia and are certainly primitive features. The type skull 
of Anthracosaurus gives direct evidence that the same 
type of palate occurs in the Lower Carboniferous in the 
oldest known amphibian, and the type specimen of 
Bapheies gives less complete evidence of its occurrence in 
the Coal Measures of Nova Scotia. The lower jaw des- 
cribed by Moodie as * Erpetosuchus kansensis is exactly 

* The name Erpetosuchus is preoccupied by E. T. Newton, 1894, for a 
genus of Thecodonts from the Trias of Elgin 
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similar to that of Pieroplax and gives further evidence of 
the wide distribution of the type, and I have some evi- 
dence that in the Coal Measure Microsauria an analogous 
condition obtains. On the other hand no palate with 
large vacuities like that of Eryopsox Capitosaums has ever 
been found in Carboniferous rocks. 

These characters of the palate, which I have shown 
above to be common to all the early Stegocephalia, are 
exactly the features which are depended upon to show 
the reptilian character of such a skull as Seymouria , and 
leave in my mind no doubt that the reptilia were separated 
off very early on in the history of the Stegocephalia, 
preserving features which were rapidly lost by the latter 
group, which had a much accelerated evolution. 

But striking as are the resemblances between these 
skulls and the early reptilia, comparison with Megalichthys 
shows an equally marked resemblance to the Crossoptery- 
gian fish. 

The Basisphenoid of Megalichthys has sometimes 
carotid foramina just as in Loxomma. It has small but 
distinct basi-pterygoid processes which are, however, not 
provided with articulating surfaces but with sutural ones. 
The long parasphenoid extends forward to the premaxilke 
as it may do in Pteroplax. Its lateral borders are in 
contact with the Pterygoids, to which they afford support, 
and the bone is connected with the roof of the skull by a 
fused ethmoid. 

The Pre-vomer is identical with that of “ Loxomma ” 
in the majority of its attachments, carries one large tusk 
and a pit for the replacing tooth. It meets its fellow of the 
opposite side, and forms the front of the posterior naris ; 
it is doubtful, however, if it meets the palatopterygoid. 

The Palatopterygoid of Megalichthys is exceedingly 
like the palatine and pterygoid of Pteroplax . They have 
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similar relations to the basisphenoid, parasphenoid and 
maxilla. There is the same row of small teeth parallel to 
those of the maxilla with larger teeth inside them, and 
the pterygoid is covered with the same shagreen of fine 
teeth. 

Examination of these primitive and extremely well- 
preserved skulls seems to shew that the ordinary idea of 
the autostylism of the Tetrapoda is incorrect in postulating 
a connection between the pterygo-quadrate cartilage and 
the otic region. It is. I think, quite certain that there 
never was such a connection in primitive forms, except 
through the dermal bones of the temporal region. The 
lower attachment with the basisphenoid I have just 
shown to exist in Crossopterygians, which are hence 
“ amphistylic” in a different way to Notidanus. 

The lower jaw of “ Loxomma ” is almost completely 
known from the material in the Newcastle Museum. The 
general form was well shewn by Embolton and Atthey, 
but, as was to be expected from the date of their work, 
they did not fully understand its structure. 

The Dentary meets its fellow in a loose symphysis 
and extends a long way backwards, ending in a point 
received in a groove in the outer side of the surangular. 

The Splenial (~ infradentary) is a comparatively 
small bone having a small symphysis with its fellow and 
extending back along the lower edge of the dentary 
which largely overlaps its outer surface until it terminates 
by overlapping the angular. 

The Angular, as usual, foims the angle of the jaw, the 
sutures separating it from the surangular and prearticular, 
meeting low down at the back of the jaw. The sur- 
angular is a large bone covering much of the outer side 
of the articular and running forward, overlapped by the 
angular, until it is finally cut out by the overlapping 
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dentary meeting the angular. The combined prearticular 
and coronoid is a very large bone running from the 
extreme back of the jaw far forward to near the splenial 
symphysis ; towards the front it widens and reaches down 
nearly to the lower border of the jaw, bordering the 
tooth-bearing border of the dentary above. 

The small bone which in Stegocephalia is usually 
called the coronoid, but which I have endeavoured to 



shew is not homologous with the reptilian bone of that 
name, and called the Epicoronoid, lies entirely on the 
inner side of the jaw. It articulates with the dentary 
above, running along its inner edge for some distance, its 
lower border being overlapped by the prearticular. The 
jaw as a whole is of very ordinary type, differing from 
the majority of Stegocephalian jaws in lacking the internal 
mandibular vacuity, and being very primitive in the fact that 
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the splenial is entirely a bone of the outer side of the jaw, 
as is the first infradentary of the Crossopterygian mandible. 

The details of the structure of the lower jaw of 
Pteroplax cannot be made out, but it seems to me 
essentially similar to that of Loxomina, modified by the 
development of two enormous internal vacuities. 

Large numbers of vertebrae and ribs occur in the 
collection, all very similar and all typically embolomerous, 
the intercentrum being a complete ring nearly as big as 
the centrum. Typical embolomerous vertebrae are defi- 
nitely associated with each type of skull. There seems 
to be little doubt that this type of vertebra is primitive 
in the large Stegocephalia, the ordinary rachitomous type 
being almost unknown in the coal measures and becoming 
commoner in later times. 

I wish to express my thanks to the Council of the 
Northumberland and Durham Natural History Society 
for the opportunity of describing this important material 
and to Mr. E. L. Gill, the curator of the Newcastle 
Museum, for his many kindnesses whilst working on it. 
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EXPLANATION OF PLATE. 

A. “ Loxomma Allviam ” Right posterior angle of a skull. 
Dorsal surface. 

The Quadratojugal (Qu.J.) and Squamosal (Sq.) are naturally 
articulated, but have moved forward so as to separate the faces 
on the Quadrate and Quadratojugal, which are in contact in the 
undisturbed skull. The Pterygoid (Pt.) aftd Quadrate (Qu.) 
are in their correct position. 

The ornament on the Squamosal omitted and that on the 
Quadratojugal only partly represented. 

B. The same specimen as A, ventral surface. 
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II. On Search-Lights and the “Titanic" Disaster. 

By Henry Wilde, D.Sc., D.C.L., F.R.S. 

(Received at/d tead November 12th, 1912.) 

Following the publication of my paper on “ Search- 
lights for the Mercantile Marine,” read before the Society 
on May 7th last,* formal investigations have been made 
by the United States Senate Committee and by another 
Committee appointed by the British Government on the 
causes leading to the loss of the White Star Steamship 
“Titanic” on April 15th, 1912. The results of the British 
investigation fyave been published as a Parliamentary 
Blue-book (Cd6352) dated the 30th of July. The inquiry 
extended over thirty-seven days, during which ninety- 
seven witnesses were examined, while a large number of 
documents, charts and plans were also produced. 

The United States Committee examined eighty-two 
witnesses upon the various phases of the catastrophe, and 
presented its Report to the Senate, May 28th (No. 8o6), 
when it was ordered to be printed. Among other recom- 
mendations of this Committee to secure safety of life at 
sea, prominence is given to the following : — “That every 
ocean steamship carrying ico or more passengers be 
required to carry two electric search-lights.” 

In the course of the speech of Senator Rayner before 
the Senate, he reviewed at length the circumstances 
connected with the “ Titanic " disaster and stated that : — 
“ The failure of foreign steamships to carry search-lights 
is utterly inexcusable, and if a proper search-light had 
* Manchester Memoirs , vol. 56, 1912. 


Novemfar 27th, iqiz. 
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been on this vessel, in my judgment the accident could 
have been avoided.” The speech was ordered by the 
Senate to be printed as an annex to the Report and as a 
public document. 

Similar views on the value of search-lights have been 
expressed by survivors of the disaster; notably by Mr. 
Beesley, a graduate of Cambridge University and late 
Science Master at Dulwich College, whose book on “ The 
Loss of the Titanic ” has received the highest commen- 
dations of the press, “ as the only account by a survivor 
that will ever be published, possessing the importance of 
an historical document.” Under the head of Search-lights 
Mr. Beesley remarks: — “ These seem an absolute necessity, 
and the wonder is that they have not been fitted before 
to all ocean liners. Not only are they of use in lighting 
up the sea a long distance ahead, but as flashlight signals 
they permit of communication with other ships. He could 
see through his window as he wrote the flashes from 
river steamers plying up the Hudson in New York ; each 
with its search-light examining the river, Hating up the 
bank for hundreds of yards ahead, and bringing every 
object within its reach into prominence. He supposes 
there is no question that the collision would have been 
avoided had a search-light been fitted on the 4 Titanic ' ; 
the climatic conditions for its use must have been ideal 
that night.” 

In a discourse on Icebergs delivered at the Royal 
Societies’ Club on May 9th, Sir Clements Markham, 
F.R.S., past President of the Royal Geographical Society, 
stated that during his Arctic explorations the discovery 
ship had charged an iceberg at 4 knots, stem on, and had 
been brought up “ all standing,” but if they had been 
going at 22 knots he (Sir Clements)* would never have 
been able to tell the tale. The risk for the modern 
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enormous floating hotels might be much reduced by search- 
lights, and wireless telegraphy had materially added 
to the chances of safety. Thus he did not think there 
would be an increase of risk in spite of the enormously 
increased speed. It was, or had been, the order that 
ships should not go north of 43 deg. in crossing the 50th 
meridian, but the “ Titanic ” had only been in 41 deg. 
16 minutes just after crossing that meridian. An inter- 
national agreement had been suggested that liners of all 
nations should not go north of a certain latitude ; but such 
an agreement was not likely ever to be made, because 
the demand for rapid progress and the shortest route was 
too great. Icebergs had been reported as far south as 
38 deg. 40 min. To this I may add that an iceberg has 
been recorded off the Bermudas Isles, 32 deg. 15 min. 

Writing to “ The Times” of April 1 6th, Lord Montagu, 
who is a noted authority on head lights for motor cars 
and motor boats, asks : — “ Does it not seem curious that 
powerful search-lights are not habitually used by fast 
liners during darkness? Resubmitted that in the case 
of the fast modern ship one or two powerful head lights 
are desirable to be used, not spasmodically, but always. 
Everyone who has seen the ordinary search-lights of the 
Navy at work and stood on the bridge of a ship at night 
when under way, cannot help having noticed the immense 
assistance afforded the navigator as regards other shipping, 
unlighted buoys, or narrow entrances to harbours.” 

In addition to the foregoing statements by competent 
observers on the value of search-lights for the mercantile 
marine, profound dissatisfaction prevails among ocean- 
going travellers, and officers of the merchant service, in 
the present state of insecurity of life at sea (especially at 
night), which finds expression in the press by letters of 
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similar import to those published in “The Manchester 
Guardian” of the 8th and 19th of August. 

With the urgent necessity for restoring the confidence 
of the public in North Atlantic routes, “The Times” have 
been asked to state that the Canadian Northern Atlantic 
mail steamers, “ Royal George” and “ Royal Edward,” are 
being fitted with powerful search-lights with a range in 
ordinal circumstances of about two miles ; also an 
improved wireless telegraph service. ( v . Addendum.) 

Dealing now with the Reports of the British official 
inquiry into the loss of the “ Titanic ” and of the Merchant 
Shipping Advisory Committee on life-saving appliances 
and safety of life at sea. (Cd. 6353) July 24th. 

The Report on the loss of the “ Titanic,” which 
extends over 74 pages, is remarkable for its brevity 
respecting search-lights, and consists of five lines only, 
queried as follows : — “ Should search-lights have been 
provided and used ? Answer: No, but search-lights may 
at times be of service. The evidence before the Court 
does not allow of a more precise answer.” 

The Report of the Merchant Shipping Advisory 
Committee of the Board of Trade (175 pages) contains a 
large amount of valuable statistical information relating 
to casualties to British ships during the last twenty years 
in various parts of the world. Of the vessels totally lost, 
13 were through striking ice whilst on voyages between 
European ports and the east coast of the United States, 
Canada and Newfoundland. In addition to the above 
casualties there were, during the same twenty years, 
reported as missing, forty-eight vessels registered in the 
United Kingdom whilst on voyages between the above- 
named places, with the total loss* of 1,083 lives (pp. 59, 
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The brief statements in the Report on the provision 
and use of search-lights on large passenger vessels are 
singularly inaccurate, and biased to a degree that deprives 
them of all value. The utility of search-lights in picking 
up rock, land, iceberg, or in passing through a canal is 
only mentioned as “ possible,” and ignores the fact that 
search-lights have been in constant use for many years on 
the Suez Canal and in the Royal Navy. It is a notable 
circumstance that these important applications of search- 
lights find no place in the elaborate Reports of both 
Committees. 

Before the advent of the search-light, all vessels 
navigating the Suez Canal were required to lay up during 
the night to avoid grounding and collisions. The navi- 
gation is now continuous, and the capacity of the Canal, 
consequently, nearly doubled. 

The first objection in the Report to the use of search- 
lights is : — “ Dazzling the observers on board the ship 
making use of the lights, especially if the lights are badly 
placed.” The wilful ignorance of those who advanced 
this objection will be evident to every one who has 
attended a lantern picture exhibition, and is still more 
emphatic in the case of a search-light where the beam of 
light as it issues from the projector is nearly parallel for 
some distance outside the ship. This is well seen in the 
annexed photo-plate from the “ Illustrated London News” 
of the search-light on H.M.S. “ Agincourt,” in the Sea of 
Marmora, during the Russo-Turkish War, 1878. This 
battleship was one of those equipped with search-lights 
under my direction, as referred to in my former paper. 

Considerable extensions have been made during 
recent years in search-light equipment in the Royal 
Navy ; the new flagship “ Neptune” having no less than 
six of them on raised platforms. 



6 Wilde, Search- Lights and the “ Titanic ” Disaster \ 

The final objection to search-lights in the Report of 
the Advisory Committee is as follows : — “ The disadvan- 
tages of search-lights seem to us so greatly to outweigh 
their advantages that their adoption in the mercantile 
marine would, in our opinion, be most inadvisable.” Now 
any person of ordinary intelligence may well observe that, 
if search-lights are indispensable in the Royal Navy, thev 
are no less so on large passenger vessels. The effrontery 
of the dominant personalities who are responsible for the 
above conclusions is fitly comparable with that of the 
lookout man of the “Titanic,” who, to save his credit (as 
remarked by the President), declared before the Court 
that the vessel struck the iceberg during a fog, notwith- 
standing the direct evidence of the officers and other 
survivors to the contrary. 

The statement in the first paragraph of the Report on 
Search-lights that the Committee have had the assistance 
of information supplied by the Admiralty is significant in 
explaining the aberrations of the Committee, and reveals 
a settled purpose of the Admiralty to monopolise search- 
lights as an arm in naval operations, regardless of the 
requirements of the ocean-going public and of the mer- 
cantile marine. It will be necessary for Parliament to 
defeat this object. 

That the Advisory Committee and the Admiralty are 
in close alliance in excluding search- lights from the 
Merchant Service is abundantly evident from the fact 
that the whole of the matter contained in the Report of 
this Committee on Search-lights is copied from the 
printed evidence of the Assistant Hydrographer to the 
Admiralty before the “Titanic” Investigation Committee 
on the nth of June, two months before the issue of the 
Report of the Advisory Committee as a Blue-book. 



Manchester Memoirs , Vol. Ivii. (1912), No. %. 7 

The evasions of the Admiralty witness and his refusal 
to produce documents when called upon in favour of 
search-lights in lighting up icebergs were overruled by the 
Court and the portions withheld were read and printed in 
evidence. The report of the officer which the witness 
said “ he was instructed not to produce ” was to the effect 
that icebergs and icefields could be made conspicuous at 
a distance of 2,000 yards, and that when the beam of 
light struck the ice it looked brilliantly white. The 
witness also stated, in answer to the President, that the 
Admiralty had come to the decision that it would be 
better for ships in the mercantile marine to be without 
search-lights. 

In concluding their Report, the Advisory Committee 
set forth the importance of securing international uni- 
formity in any new regulations which may be imposed 
upon the shipping industry, and that any requirements of 
importance should be enforced on the basis of an inter- 
national agreement. As the respective views of the 
American and British Committees on the primary question 
of Search-lights are absolutely irreconcilable, the diplo- 
matic proposals of the British Committee are not, at the 
present juncture, to be taken seriously, as they are mani- 
festly put forward to block the way to essential improve- 
ments for an indefinite period of time. 

In view of the facts brought out by the several 
Committees engaged in investigating the causes leading 
to the loss of the “ Titanic/’ it only remains for me to 
repeat and to emphasise the statement made in my paper 
read before the Society in May last, that the ultimate 
responsibility of a calamity which the world deplores rests 
upon the British naval authorities through their fatuous 
policy of excluding search-lights from the Mercantile 
Marine: — The moral forces of the Universe are as real 
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and exacting, for good or for evil, as the physical forces. 
And “that which men sow that also will they reap.” 

Addendum. 

Since the paragraph (page 6) was written on the 
proposed installation of search-lights on Canadian North 
Atlantic mail steamers, the “ Royal George,” with nine 
hundred passengers on board, ran on the rocks while 
passing through a narrow channel in the St. Lawrence 
river, 12 miles below Quebec. The accident occurred 
late in the afternoon of November 6th, and the captain 
was maintaining full speed in order to arrive at Quebec 
before darkness set in, as passengers were not allowed by 
the port authorities to land at night. 

Passengers declared that there was no fog on the 
river, and were at a loss to understand the cause of the 
accident. Most of them were rescued with some difficulty 
up to midnight, and the remainder next day, without any 
loss of life. 

The accident to the “ Royal George ” is now brought 
forward as showing the value of search-lights in the 
landing of passengers arriving at theiVdestination during 
the night, without the necessity of laying up until next 
day as formerly in the instance of ships passing through 
the Suez Canal. 

The utility of the electric light projector is much 
enhanced by the diverging lens: an adjunct for spreading 
out the beam of light horizontally (in azimuth) and light- 
ing up objects at short range. This improvement was 
devised by me in 1874, at the official request of the 
Admiralty, and has long been established in the Royal 
Navy, as will be seen (ready ¥or use) in front of the pro- 
jector in the Plate . 
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Tilt* study of the fresh-water fauna is at all times 
most interesting, but the abnormal drought experienced 
in this country during the summer of the year 1911 
greatly increases the interest as well as emphasises the 
difficulties which are always to be met with when carrying 
on such work even under normal conditions. 

The salmon, living a double life, changing first from 
fresh to salt water and then back again to the river, cannot 
but have been influenced by the extraordinary absence of 
rain, which reduced the rivers to foul and meagre streams, 
tending to breed disease instead of providing a ready 
means of access to suitable spawning-beds. Therefore in 
all studies relating to salmon any abnormal weather con- 
ditions must be taken into consideration, and the records 
obtained during such an abnormal year must not be com- 
pared with those of a normal year, unless the differing 
conditions are kept well in mind. The results obtained 
from the study of salmon under such unusual weather 
conditions as were experienced in 1911 may very possibly 
be most important. Frequently during scientific investi- 
gations valuable knowledge can be gained by subjecting 
the creatures under consideration to different conditions 
of life, such as placing fish on various kinds of back- 

February 6th , /p/j. 
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grounds to observe the colour changes, keeping the animals 
at temperatures higher or lower than those to which they 
are accustomed, testing them with different foods, and by 
many other methods of a similar kind. In the case of the 
salmon in 1911, Nature herself changed the conditions, 
and carried out, as it were, a gigantic experiment which 
man could never have performed himself. Fortunately 
he can record the results and so take full advantage of the 
special conditions. 

The records of 1911, besides being rendered more 
interesting on account of the almost unique climatic 
conditions, are unusual because they are the first of their 
kind obtained from a series of fish caught during all months 
in the year, permission having been granted for the use of 
nets for scientific purposes during the close season of 19 1 1- 
1912. 

The scales were all taken from the “ shoulder ” of Wye 
salmon caught either by nets or by rods. These scales were 

examined and the fish classified according to the number of 
years spent in the sea (See Table 1). In a previous paper 
(i) similar results were given for salmon caught in the 
Wye during the years 1908, 1909, and 1910. A compari- 
son of the combined results of those years, with the results 
of 1911 (See Graphs 1 and 2 ^indicates that there were 
considerable differences in the percentages of the various 
classes of fish caught at different periods of the year. 
The explanation of these variations is difficult to ascertain 
as it is uncertain whether any can be given until much 
more is known about the distribution and food of the 
salmon while in the sea. Records of a large number of 
fish have so far been taken systematically for only two 
years, 1910 and 1911, and we are therefore not in a posi- 
tion to state what may be considered to be the normal 
conditions. Many mistakes might be made if we stated 
that this or that result was normal. This paper can only 
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record differences in the results of the two years, the full 
meaning of which cannot at present be understood. 

The results obtained in 191 1 are very similar to those 
of 1910 in one respect (see Tables 2 and 3). The majority of 
the fish, 94*69% (see Table 3) spent only 2 or a little more 
than 2 years (— 2 +) in the river before going down to 
the sea. In 1910 the percentage was slightly lower, 917% 
(see Table 2), but this small difference is of little import- 
ance. Of the remaining 531% (in 1911) it is interesting to 
notice that slightly more than half (2*84%) lived in the 
river for three years, while the rest spent less than 2 
years in the river. These proportions roughly correspond 
with those obtained for the 1910 fish. Among the fish 
which spent less than 2 years in the river (see Table 5), 
by far the greater number remained in the sea for 3 
or more years, and only 22*5% returned to the river after 
remaining in the sea for less than 3 years. When we 
tome to consider the fisYi which spent 3 or 3 4- years 
in the river the percentages are reversed, i.e. f the majority 
remained less than 3 years in the sea. The greater 
number of those fish which were 2 or 2 + years old at 
the time of migration returned to the river after an absence 
of less than 3 years. 

The important point to be noticed in these figures is 
that as a rule the fish which lingers in the river for a con- 
siderable time spends a briefer period in the sea before 
returning to spawn than a fish which had a short life in 
the river as a parr. It is true that up to December, 1911, 
no more than 100 fish were examined from the Wye 
which had spent either 1 and 1 + or 3 and 3+ years in 
the river ; that is to say, decidedly more or less than the 
average. This means that only 5*5% were exceptions to 
what appears to be the normal type characteristic of the 
Wye. In other words, the characteristic type of fish that 
occurs in the Wye is one which spends two years in the 
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river, but 5*5% were proved to be exceptional in this 
respect. 

From these figures it seems that among the Wye 
salmon there is a fairly definite age at which they reach 
sexual maturity; that is, between four and five years. The 
majority of the Wye salmon spend two years in the river, 
and by far the greater number of these, as has been 
stated above, return to the river after an absence of less 
than 3 years. Of the remaining 5*5% those which 
stay in the river for a considerable period return sooner 
to the river, and are generally about the same age at the 
time of spawning as those fish which remain only a short 
while in the river and a longer time in the sea. All this, 
therefore, points to the fact that there is a definite age at 
which spawning generally takes place and that the length 
of time spent in the river determines the length of time 
spent in the sea. 

Bearing upon this point Herr Knut Dahl brought 
forward some very interesting facts in his recent paper (2), 
and they are of great use when considering fish from 
other localities. With regard to the relative length of 
time spent in the river and sea, Herr Dahl shows that the 
salmon from Finmark, in the north of Norway, remain in 
the river for a much longer time than the fish from the 
more southerly districts of Trondhjem and Christiansand. 
The results indicate that the majority of the fish from 
Christiansand remain in the river before migration for 
3 years, while the greater number of fish from Finmark 
spend 4 or 5 years in the river. Comparing these 
results with those from the Wye, which is about 7 5* 
further south than Christiansand, we find that two years 
is the average length of time spent in the river. From 
time to time scales of fish caught in many different 
localities have been sent to the Manchester University for 
examination. Several of these fish were from the Hamp- 
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shire Avon, the Dorsetshire Stour (3), and some were from 
La Creuse (4) and La Vienne. Although specimens of 
scales were not collected from a sufficient number to make 
it worth while to quote figures, it is significant that almost 
without exception the fish had remained in the river for 
only one year. Scales of salmon taken in the Hampshire 
Avon have been examined by Mr. Johnston (5), and he 
records similar results. 

This regular series of decreasing lengths of time spent 
in the river noticed in fish from Finmark, Trondhjem, the 
Wye and the Avon, Stour, Vienne and Creuse raises a 
very interesting point. What influences the length of 
time spent in the river? From the results mentioned 
above it would naturally be supposed that the tempera- 
ture of the rivers must be an important factor. There are 
no data to hand of the temperatures of the rivers in the 
localities named, but from their geographical positions it 
would be safe to say that the temperature of the Stour, 
Avon and Vienne would be higher on the whole than 
that of the rivers of Finmark. It would therefore seem 
that the temperature of the water may have a considerable 
influence on the length of time the fish remain in the 
river. With the higher temperature there might be 
quicker growth and possibly a more rapid approach to 
the stage at which the young salmon are ready to go to 
the sea. In order to settle this point satisfactorily, care- 
ful investigations should be made in different localities, 
ascertaining the average size of the young salmon at the 
time of migration and the average size of the fish on their 
return to the river to spawn. We should then full}' 
understand whether the young salmon in the north of 
Norway leave the rivers when approximately the same 
size as the young salmon in the Wye. It might be that 
those from Finmark are typically larger than those of the 
Wye, thus necessitating a longer life in the river. 
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There is rather an interesting difference between the 
records of the two years 1910 and 1911 ; the percentage 
of fish which spent 2 and 2 4- years in the river and only 
1 4-, 2 or 24- years in the sea is much higher in 191 1 than 
in 1910. It will be remembered that in 1911 records were 
obtained from fish caught in all months of the year, 
during both the fishing season and the close season, while 
in 1910 records were taken during the fishing season only. 
However, even when the records obtained during the 
close season of 19 1 1 are not included, there is still a great 
difference in the percentages, 73"' in 1911 and 57% in 
1910. Taking into account the drought of the summer 
of 1911, it would have been natural to reason that the fish 
delayed their return to the fresh water, and in this case 
the percentage of 1911 should have been lower than that 
of 1910. However, the excessive heat which accompanied 
the drought of the summer of 1911 may possibly have 
influenced the conditions of life of the salmon while in the 
sea and caused a hastening of sexual maturity. This is 
again a question which can only be settled by further 
research, and a comparison of temperature and percentages, 
etc., of fish caught in various years would be necessary 
for this purpose. 

When first this work was undertaken it was intended 
that a most careful examination of the scales should be 
made with a view to ascertain the relative number of 
annuli present in the peronidia of river and sea life. This 
has, however, been abandoned, as it would have delayed 
the publication of any statement about the research for 
at least two years. Quoting from my previous paper (6), 
the definitions of the terms peronidium and annulus were 
as follows : — 

On closer examination it wilb be found that the 
inequalities (on the external surface of the scales) are 
caused by what have hitherto been called ‘ lines ’ or 
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‘ ridges/ but which I shall term annuli (see photo of 
scale A), These annuli are arranged in a roughly con- 
centric manner from the centrum of the scale ( C ). . . . 
Examination with the low power of the microscope shows 
that the annuli are arranged in a definite manner, some 
far apart and others close together. Those far apart are, 
according to Mr. Johnston, formed during the rapid 
growth of the fish in the summer, and those closer 
together during a time of slow increase in the winter. 
This formation of annuli far apart, together with the for- 
mation outside this of annuli more closely placed, was 
called by Mr. Johnston an ‘Annual ring.’ For this name 
the word ‘ Peronidium ’ is substituted, and it is used to 
indicate the growth which takes place in a complete 
summer and winter.” 

Unfortunately I overlooked a paper by Professor 
T. D. A. Cockerell, published early in 191 r (7), in which 
he also gives terms for the different parts of the scales. 

“The key to the origin of the sculpture of a teleos- 
tean scale is apparently to be found in that ancient type 
the Anna calva of North America. Fig. 1 shows part of 
the base of the scale of this fish, which, it will be observed, 
consists of longitudinal strands or fibres, separable ele- 
ments which fray out basally. In the apical field these 
are directed towards a rough nucleus area. A close 
approximation to this is found in a very old type of 
teleosteans, the lady-fish Albula. In this, however, appear 
also the beginnings of the radial lines, extending from the 
nucleus of the scale to the margin. As we go higher in 
the scale of fish evolution, these radiating lines or radii 
often become very prominent, while the longitudinal 
strands usually become united above and below, forming 
circular fibres which we have designated circuli . The 
nomenclature of these structures was based on a normal 
highly-developed scale, in which the circuli deserved their 
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name, and since then the term has been applied to the 
same elements wherever found, so that I have had to refer, 
rather illogically, to longitudinal circuit. Perhaps it would 
be better to call them 4 fibrilhe.’ ” 

Mr. J. A. Hutton, in The Field (8), puts forward a list of 
English names for the different parts of the scale. However, 
I propose to keep to the terms “centrum/’ “annulus” 
and “ peronidium.” They have been clearly defined, and 
by their right use no misunderstanding can occur. It 
should also be remembered that terms such as those I 
have put forward are capable of being adopted and under- 
stood by students of all nationalities whereas English 
words have not this advantage, and might be mis- 
interpreted by translation. 

It has been suggested that if there is a true racial 
difference between the spring and summer fish some indi- 
cation of this might be shown by the average number of 
annuli in the peronidia of the two kinds of fish. Such a 
suggestion, however, does not appear to be supported by 
the results that have, up to the present date, been 
ascertained. 

A careful examination of a large nnmber of scales 
taken from different parts of the same salmon proved 
that the number of annuli in corresponding peronidia 
exhibit considerable variation (6). No two scales from 
the same fish appear to be exactly the same in this respect 
although there is a greater similarity between scales taken 
from the same part (eg., the shoulder or the tail, etc.) 
than there is between scales taken from different parts. 

To prove, therefore, that there is a racial difference, 
as regards the scales, between the spring and summer fish 
it would be necessary to compare the average number of 
annuli in the peronidia of a large series of scales taken 
from exactly the same part (eg., the shoulder) of fish of 
the two kinds. If such a comparison proved that there is 
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a well-marked difference between the scales of the two 
kinds of fish, and that this difference is greater than the 
known difference between scales of the same region in the 
same fish and greater than a difference due to error of 
observation, there would be some reason for believing 
that the two kinds of fish are distinct races. 

Such observations have not been made on an extensive 
plan, but the researches carried on in the Manchester 
University during the past two years are sufficient to 
prove that such a distinction between the two kinds of 
fish, if it exists, must be so slight that it can be of very 
little practical use. 

It should be stated quite clearly, however, that the 
results obtained do not disprove the theory that there are 
two races of salmon. All that is shown is that the 
difference between the two races is not clearly marked by 
a difference in the number of the annuli in the scales. 

In spite of the fact that the data as regards the scales 
do not aid in a consideration of the racial question, there 
are many very interesting points which can be learnt from 
them. For instance, if we classify the fish according to 
the length of time spent in the sea, comparisons can be 
made between the relative weights and lengths and girths 
of what have been termed the various kinds of salmon. 
(See Table 6.) It will be observed that the average 
weight of the small spring fish is very nearly equal to the 
average weight of the small summer fish, and the same is 
true of the large spring and large summer fish. This 
brings forward the question whether these fish have lengths 
and girths corresponding to their weights. To answer 
this the ratios of length and weight and length and girth 
have been ascertained for each kind of fish and their 
averages compared. Considering first the averages of 
the ratios of length and weight, Graphs 3 and 7 indicate 
that on the whole the fish which have spent a long time 
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in the sea are heavier for their length than those which 
spent only a short time in the salt water. From this it 
might be expected that the curves of the averages of the 
ratios of length and girth would correspond with those of 
the averages of the ratios of length and weight. However,, 
the Graphs 5 and 9 indicate that this is not the case ; the 
curves expressing the averages of the ratios of lengths 
and girths do not show this decided decrease in the case 
of those fish which have remained in the sea for three or 
more years. We find, therefore, that whereas the fish 
become heavier in relation to their lengths the longer they 
remained in the sea, this increase in weight is not accom- 
panied by a corresponding increase in girth. 

Passing on to a consideration of the amount of vari- 
ation from the averages of the ratios of the different kinds 
of fish there are some interesting results. In order to 
make a correct comparison the coefficients of variation 
have been used for this purpose. 

Pearson’s formula for the calculation of the coefficients 
of variation is as follows : — 

Coefficient of variation = V n where M ** mean, 

M 

2U- = the sum of the squares of the deviations from the 
average, « = the number of specimens examined. 

Gtaphs 4, 6, 8, and io indicate a considerable amount of 
variation. In the results for j 9 1 1 there seems to be some 
definite connection between the averages of the ratios of 
length and weight and length and girth and their co- 
efficients of variation. This is to be noticed in the similarity 
of the curves in the graphs ; the coefficients of variation are 
higher where, in the corresponding kind, there is a high 
average for the ratios, and, on the other hand, where there is 
a low average there is a low coefficient. This shows clearly 
that with an increase in length for weight and length for 
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girth there is a corresponding increase in variability. In 
other words, the grilse and small spring fish are more vari- 
able in these repects than larger fish. The records for 
1910 do not show this regularity of correspondence, but 
it must be borne in mind that in the autumn of 1910 
netting did not take place in the close season, and it is 
during this time of year that we should expect to find 
specimens that would raise the coefficient of variation 
for the grilse. 

Comparing Graphs 3 and 7, which give the curves 
representing the averages of the lengths and weights of 
the different kinds of salmon taken in 1910 and 1911, 
it is to be observed that the two curves are of different 
types. Graph 3 shows a practically smooth curve while 
Graph 7 gives a curve with three maxima, recording 
respectively the results obtained from the grilse and from 
the small and large spring fish. This variation, however, 
can perhaps be accounted for by the very long continued 
diought of 1 9 1 1 . After April there was very little water 
in the Wye, and the grilse and summer fish which, in the 
natural course of things, should have run up the river in 
June were unable to get over the weirs and were therefore 
caught in great numbers by the nets at the mouth of the 
river. The scales of these fish — in fact, of nearly all kinds 
of fish caught after the beginning of May — show disinte- 
gration to a greater or less extent. This, so far as we 
understand at present, means that the sea-feeding has 
ceased and that the long fast previous to spawning has 
begun. It is most interesting that fish with scales of 
this type should be caught in the nets, and we can only 
suppose that these salmon were waiting for a flood to 
make their way up to the spawning beds. In other words, 
the grilse and summer fish appear to have been waiting 
about at the mouth of the river, and having begun the 
fast previous to spawning were living on their adipose 
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tissue. Their weight, therefore, was becoming reduced, 
and as the length could not become less, the ratio of 
length and weight would naturally be higher, and hence 
the maxima observed in the curves for 1911. 

After consultation with mathematicians, J find that the 
records were not taken with sufficient accuracy to render 
the second place of decimals absolutely reliable. However, 
I have not left it out, as it would only mean a modification 
of the curves and would not materially change their 
direction. 

Coming next to the consideration of the scales of 
those fish which are on their second visit to the river and 
have spawned in a previous season, we are confronted 
with, probably, the most difficult, but, at the same time, the 
most interesting part of the whole question of the 
life-history of the salmon. The first point which should 
be noticed is the small proportion of fish that have 
previously spawned. This is, however, a fact which is 
by no means new, previous workers having commented 
upon the infrequency of spawning in the salmon. 
Calderwood (9), (10), (il), Hutton (12), (13), Esdaile (l). 

It is now generally accepted that the salmon does not 
take any regular nourishment during its sojourn in the 
rivers previous to spawning, and this fact in itself may 
afford one very good explanation for the infrequency o 
spawning. As a general rule, when there are long periods 
of fasting during the life of an animal there is hibernation, 
or at any rate a prolonged sleep or state of quiescence. 
But in the salmon the period of fasting is probably the 
most strenuous time of its life. Every time this problem 
is discussed new evidence is accumulated to prove that 
the spawning salmon are of much more importance for 
the fishery than was realised some little time ago. The 
old idea that the salmon returned to the river year after 
year and was the dutiful and self-sacrificing parent of 
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many broods of eggs is now shown to be quite erroneous. 
It is therefore all the more important that fish, when they 
do come to spawn, should be protected in every way, and 
that the young fry, when hatched, should be provided! 
with the best possible environment. 

The proportion of fish showing a spawning mark was 
practically the same for the two years 1910 and 1911. 
The total number of fish examined was 1678, and of 
these only 78 showed a previous spawning mark. If we 
exclude from this total number of fish examined all grilse 
and small spring fish we find that of the remainder — that 
is the large fish found in the river — only 6*4% have previ- 
ously spawned. 

Out of the 78 fish only five have two spawning marks ; 
that is to say, only five salmon have been able to spawn 
twice and live to enter the river for the third time. The 
results obtained from these fish will be considered later, 
as they are more readily understood after the records of 
the scales with one spawning mark have been discussed. 

The scales offer peculiar advantages to the student ; 
they show the life-history of each particular fish, and in 
the case of scales bearing a spawning mark they tell the 
story of a comparatively long and eventful life, the 
wanderings of great travellers. They are, as it were, the 
diaries in which we read of the incidents of the journey, 
the approximate time of arrival and departure at the 
various stages, and from which we can judge to a certain 
extent the effect of the journey upon the fish. 

It should be specially noted that the scales of fish 
which have previously spawned are extremely difficult to 
read. During the long fast the periphery of the scales 
becomes disintegrated and an appearance of fraying is 
produced. When the disintegration has been extensive it 
is often very puzzling to determine whether the fish entered 
the river as a spring or later autumn fish. However, after 
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some experience, this work can be carried on with sufficient 
accuracy, especially when many scales are examined from 
each fish, to warrant a consideration of the results. It 
might be mentioned here that the results obtained by the 
Scottish and Irish Fishery Boards from the scales of 
marked fish are very similar to the results obtained by the 
examination of the scales of unmarked Wye fish. Hillas 
<14), Calderwood (15) (16). 

The ages at which these fish returned to the river 
previous to the first time of spawning range from 3 + to 
5 years (see Table 7). The majority of them entered 
the river for the first time as grilse and summer fish. 
Dividing the fish into two groups 51 spawned for the first 
time as grilse or summer fish and only 22 as spring fish. 
When the whole circumstances are taken into considera- 
tion a proportion of this kind is onl} r what might be 
expected. The “ fresh ” spring fish entering the river in 
December, January or February have already ceased 
feeding, and up to the time of their return to the sea, that 
is, if they are so fortunate as to be able to return, no 
regular nourishment is taken. This means that for twelve or 
thirteen months these creatures are living a most exhausting 
life, giving out a tremendous amount of energy in their 
efforts to reach the spawning beds, and in addition to this 
there is a considerable drain on the whole system, due to 
the development of the sperms or ova. It has often been 
observed that the testes and ovaries of the early spring 
fish are very small and immature, which means that the 
greater part of their development takes place during the 
long period of fasting. The summer fish, on the other 
hand, are feeding in the sea during the spring and early 
summer months, and the scales seem to indicate that in 
some cases feeding may be continued even up to Septem- 
ber. There is a theory that those fish which enter the 
river later in the year do not make their way up to the 
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highest “ redds ” but spawn much nearer to the sea. 
According to this the summer fish has not such a long 
time of fasting, neither has it so far to travel during the 
fast. Remembering all these circumstances, it is not 
astonishing to find that so few spring fish survive to spawn 
a second time. 

It is true that the spring fish, at the time they enter 
the river, are in much better condition than the summer 
fish, but the study of scales clearly shows that the sojourn 
in the river is more fatal to the former than it is to the 
latter. 

A practical result that follows from this consideration 
is that excessive fishing in the summer is slightly more 
harmful than excessive fishing in the spring, because the 
chances that the fish caught would have returned a second 
time to spawn are greater in the case of the summer fish 
than they are in the case of the spring fish. 

As bearing to some extent on the question of the 
racial differences in salmon, it is interesting to turn now 
to the consideration of the time of year when the fish 
return to the river to spawn for the second time. If there 
are two distinct races of salmon, the spring race and the 
summer race, it might he expected that the instinct to 
return to the river would be felt at the same time of year 
in successive spawning efforts. We should expect the 
spring fish to come up to spawn in the spring and the 
summer fish in the summer. But there seems to be no 
such law governing the return of the fish to the river (see 
Table 9). 

There were in the series examined twenty-two spring 
fish, and of these nineteen returned to the river to spawn 
for the second time in the spring, and there were fifty-one 
summer fish, and of these only fifteen returned for the 
second time in the summer. It is evident, therefore, that 
in a considerable number of cases the spring fish may 
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come back again in the summer and the summer fish 
come back in the spring. 

Passing on to compare the lengths of time spent in 
the sea between the return from the river after the first 
spawning and the second return to the river previous to 
the second spawning, there is again no definite regularity. 
(See Tables 8 and 9.) All the “ spring summer” fish, as 
they might be called, spent only a few months in the sea 
between the two spawning periods and the “ spring spring ” 
fish and “summer spring ” fish spent one year in the sea. 
Among the “ summer summer ” fish there are examples of 
two periods of differing lengths, and the three “grilse 
summer ” fish show as many variations as there are 
specimens. 

Lastly, there is the consideration of the five fish which 
were caught on their way up the river to spawn for the 
third time. Four of these belong to the same type. At 
each return to the river in three consecutive years they 
were summer fish, and they only spent seven or eight 
months in the sea between each return to the river. The 
fifth specimen spawned first as a spring fish, then as a 
summer fish, and was finally caught as a spring fish on its 
third return to the river. Between the first and second 
spawning the fish was in the sea for only seven or eight 
months, while between the second and third return about 
fifteen months were spent in the sea. It is rather curious 
to notice that this corresponds with the sequence which is 
indicated in Table 9, “j spring, 1 ” “summer,” with a few 
months spent in the sea between the first and second 
return to the river, and “ summer,” “ spring,” with a year 
spent in the sea between the second and third return 
to the river. 

From Table 8 it would appeal that contrary to what 
would have been expected the salmon is not generally an 
annual spawner. Only 12 specimens out of 73 made the 
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attempt to spawn in two consecutive years, while 55 
returned to spawn the second time in the year but one 
following that in which they spawned for the first time. 


Conclusions. 

Up to the present time all the investigations with 
regard to the life-history of the salmon have been of very 
great interest on account of the many unexpected results 
which have been obtained. The collection of scales under 
discussion appears to present quite a number of unlooked- 
for irregularities. The fish, according to the scales, 
remained in the sea for various lengths of time previous 
to spawning. There appears to be no rule which deter- 
mines the length of stay in the sea between the first and 
second spawning periods. In fact, so far as the results go, 
it would scein that there is no definite law governing the 
migrations of the salmon ; each fish is a law unto itself, 
living its own independent life, travelling about when it 
pleases. From a research of this kind, the “ shoal " of 
salmon entering a river is put before us in quite a different 
light. From these results it can be no longer considered 
to consist of a number of fish of similar ages which have 
lived side by side all their lives. The shoal more closely 
resembles a crowd of people entering a concert hall. In 
each case the aim in view appears to be the only thing in 
common ; the salmon of varying ages enter the river to 
spawn just as the people of various kinds crowd into the 
hall to hear the concert. 

During the past two or three years many doubts have 
arisen with regard to the salmon, and theories have been 
formed in the endeavour to explain the very striking 
differences between what are known as “ spring” and 
“ summer ” fish. One of these theories is that the u spring ” 
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and “ summer” fish represent two distinct races; this 
would mean that spring fish bred spring fish, and summer 
fish summer fish. However, the scales which have been 
examined at the Manchester University do not appear to 
lend any support to this theory. It is to other data that 
we must now turn to settle the question satisfactorily; 
such as the number of vertebrae, the number of fin rays 
present in the various fish, or the form of the bones might 
perhaps show some distinguishing features which would 
definitely decide the matter. 

The fish that have spawned twice give even more 
opposition to any such theory. When a fish is first a 
spring fish, then a summer fish, and is finally caught in 
the spring, the time of year would appear to be of no 
importance as an indication of racial differences among 
salmon. 

It should be noticed that there are no data such as 
were used by Professor Garstang (17) in his paper on 
“ Variations and Races of Mackerel,” such as the number 
of rays present in the various fins of fish from different 
localities. Neither have we the accurate measurements 
(of the sizes and distances of the various fins, etc.) similar 
to those taken by Dr. Jen kin son in his recent paper (18) 
on “ Growth, Variability and Correlation in Young Trout.” 
The available data only record fluctuations, due in all 
probability to the amount of food taken and to the 
particular circumstances under which each fish has spent 
its life. These data are of no use when we come to 
consider whether the various runs of salmon are all of one 
race or whether there are two distinct races which might 
be characterised as “ spring ” and “ summer ” fish. 

In a work of this kind enough precaution can scarcely 
be taken against generalising from few data. The records 
used in this paper were obtained from only one river and 
from only a very small percentage of the total number of 
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salmon in that river. With this reservation this paper 
must be looked upon as a means to an end and not as a 
final conclusion of any part of this vast subject. 

Summary. 

I. There appears to be some relation between the 
length of time spent in the river and in the sea, i.e. t 
when a young fish lingers in the river for a considerable 
time it remains in the sea for a comparatively short 
period and vice versa . 

II. This seems to indicate that among the salmon 
in the Wye, at any rate, there appears to be a more 
or less definite age for sexual maturity. 

III. The temperature of the water may possibly 
be one of the determining factors of the length of 
time spent in the river before migration. 

IV. Those salmon which have a short sea-life are 
longer for their weight and show more variation in 
their measurements of lengths, girths and weights 
than those remaining in the sea for some time. 

V. The infrequency of spawning of the salmon. 
The spawning period appears to be more fatal to 
“ spring ” than “ summer ” salmon. 

VI. There appears to be no definite law governing 
the migrations of the salmon. The time of year at 
which a fish enters the river to spawn appears to be 
of no importance as an indication of racial differences 
among salmon. 

VII. The results indicate that the salmon is not as 
a rule an annual spawner, but in the majority of 
cases, where the salmon does return to spawn for the 
second time, it is in the year but one following that in 
which it first spawned. 
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The research was conducted in the Manchester Uni- 
versity with the aid of a grant that was kindly provided 
by Messrs. J. A. Hutton, H. Behrens, and R. Beddington. 
I am also indebted to these gentlemen for providing all 
the material on which the research was conducted. 

My thanks are due to Professor S. J. Hickson, under 
whose direction the work has been carried on, and who 
has been most untiring in giving me help and advice. I 
wish also to thank Dr. J. Stuart Thomson for all the help 
he has so readily given me. 
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Graph u 

Percentages of each kind of Salmon caught in the 

VARIOUS MONTHS, 1908, 1909 AND I9IO. 



Grilse. 

-- Summer fish. 

Small spring. 

Large spring. 




Averages of the ratios of length and girth. Averages of the ratios of length and weight. 
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Results 

Comparing the averages of the Ratios of 
lengths and weights of the different 
kinds of fish. 

Graph 3. 



Comparing the averages of the Ratios of 
lengths and girths of the different 
kinds of fish. 

Ghati! 5. 



FOR 1910. 

Correlation of the Coefficient s of 
Variation of lengths and 
weights. 

Graph 4. 



Correlation of the Coefficients of 
Variation of lengths and 
girths. 


Graph 6. 



Number of years spent in sea. 
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Results for 1911. 


Companng the averages of the Ratios of 
lengths and weights of the different 
classes of fish 


Correlation of the Coefficients of 
Variation of lengths and 
weights. 



Number of )ears '-pent m sea. 


Ci k A ril S. 



Number of years spent in sea. 


Comparing the averages of the Ratios of 
lengths and girths of the different 
classes of fish. 


Correlation of the Coefficients of 
Variation of lengths and 
girths. 


Graph 9. 


Graph 10. 
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Tablf 2. 
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Percentage of fish which returned to ihe river after 
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Table 6. 

Table giving the average weights, lengths and girths 
of the Various Kinds of Salmon, 1^911. 




1 

1 

Averages. 


( lass of fish. 

Number of years 
spent in sea. 

Weight in 
pounds. 

Length in j 
inches. I 

Girth m 
inches. 

Grilse .. . . ^ 

1 + 

5*3 

2 5 9 

M *9 

Small spring ... 

2 

1 02 

3°*4 

1 5*3 

Small summer... 

2 4- 

u '7 

32 " 

13*0 

I.arge spring ... 

3 

20*5 

377 

1 92 

Large summer... 

3 + 

22 5 

39 9 

1 9*9 

Veiy large spring 

4 

33*0 

i 

44 '8 

2 1 *6 


Table 

7 - 




Age of fish (in years) entering ihe river previous to 

SPAWNING FOR THE FIRST TIME. 


- 

3 + 

4 

4 + 

5 

5 + 

j Number of fish 

6 

i 

10 

43 

1 2 

2 


(All these fish were caught when on their second return to the 
river and their scales therefore show spawning marks.) 
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Tablh 8. 

I.KNG1H 01 1 IMF SPLN1 IN SL \ All LR IS1 AND BhFOKF 

2ND SPAWN IN(» 


I 

\ few month*' 

T year 

! 

1 1- years j 

2 I years 

Number of 
specimens 

1 2 

55 

5 

1 

l 


TaBLF i) 


No of 
fi>h 

Type at 
1st spawning 

Type at 
(2nd spawning 

3 

spring 

summer 

I 

19 

spring 

spring 

36 

summet 

spring 

1 2 

summer 

summer j 

3 

grilse 

summer j 


No. of ’ Length of time spent in .sea 
fish between 1st and 2nd spawning. 


3 

19 

36 

8 

4 


a few months. 

one year. 

one year. 

a few months. 

one year + a few months 

a few months. 

one year 4- a few months. 

two years + a few months 


1 
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IV. Note on the Mean Magnetic Moment and Mean 
Energy of a Vibrating Magnet. 

By J. R. Ashworth, D.Sc. 


( Commit m< alt’rf by Mr. R. L. Taylor, F.C.S . , F.F.C.) 


( Read Detent bet toth, 1912 Received f 01 Publication January 21st, 19 1 j. ) 


I. Uniform Magnetic Field. 

Let a magnet, the moment of which is jul , vibrate in a 
given plane in a constant field without friction. The 
component of the magnetic moment in the direction of 
the field is /mcosQ , when it is deflected through an angle 0 , 
and the mean magnetic moment M in this direction over 
a period of time T is 

~ j fi cos Qdt (1) 

o 

The equation of motion is 

+ .AT sin 0*0 (2^ 

at a v ' 

hence 

g-=2ir*(sin»^-sin »•)* 
a being the extreme deflection. 


Substituting for T and dt in (i) and inserting a 
constant c we have the equation 



Februar) JpJj. 
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Putting 

e . a . 

sin = sin sin <f> 
2 2 

we get 


t r 



2 2 


I 



where A=* 


- sin 2 



0)‘ 


2 E' 
~F 


( 3 ) 


E' and F f being definite elliptic integrals of the second 
and first class respectively. 


Assigning to « a series of values from o° to 180 0 the 
relative mean values of the magnetic moment may be 
obtained. They are given in column (2) in the table 
underneath the maximum being written 100. From this 
table it is seen that when the magnet is vibrating to a 
little more than 130° on either side of its position of rest 
its mean magnetic moment would virtually vanish. As 
the oscillations increase beyond 130° on either side of its 
position of rest the magnet would exhibit a moment in 
the contrary sense and would apparently behave like a 
diamagnetic substance. Thus ferromagnetic properties 
might change to apparent diamagnetic properties solely 
in virtue of the motion of the magnet. 
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To calculate the mean kinetic energy (e) of this 
motion we have 

... ( 4 ) 

o o 

I being the moment of inertia of the magnet and w its 
angular velocity. Also, as before, 

_ l\ c\ 


and therefore 


, + A\sin 0 = O 


7T 2A \ s ' n 2 ~ sin 2 ) 


On substituting in equation (4) we get 
e-^2 NljJ ^sin 2Ct ~sin 2 ^ j ^sin 1 - - sin 2 -^W 


Putting 


. 6 . a . 

sin --sin sin< 
2 2 


we have 




■ cosfl - COS Cl _ 
df 


cos 6 

H d * 
cos 


■ - COS a ' 

f_ 4 _ 

/ cos" 

2 > 


: £ AY < I - cosn l 

j 


= £Av{~j|-- i - cos«}. 
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Assigning to a a series of values from o° to i8o° the 
relative mean values of the energy may be computed, as 
in column (3) of the subjoined table, where the maximum 
is put equal to 100. 

Comparing the numbers in columns (2) and (3) it is 
seen that the mean magnetic moment decreases more and 
more as the mean energy increases and that the mean 
magnetic moment vanishes a little before the energy of 
vibration has reached its maximum. At the maximum 
the magnetic moment has a mean value in the opposite 
sense to that of the controlling field and exhibits the 
diamagnetic character. 

When the vibrations pass into rotations the dia- 
magnetic character will still be in evidence. 


II. Field Due to an Oscillating Magnet. 

Suppose the field controlling the magnet is not 
constant but is set up by a similar neighbouring vibrating 
magnet. If the two magnets vibrate freely in the same 
period and in such a way that the controlling field is 
proportional to cos 0, where 6 is the common angle of 
deflection from the axis of alignment, then the equation 
of motion is, 

— x + K sin d cos 6 = 0 (6) 

and 

= A"*(sin 2 a - sin*0)i 

« being the extreme angle. 


Hence substituting for T and dt in equation (1), and 
inserting a constant c' we have 
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Putting sin 0 = sin a sin <f> we have 

fssHSL f df 

J sin a cos d> J 




r^»- f 

J sin a cos <p J 


*dj> 

A 


where A «= (1 - sin*« sinty)* and this may be put, 

c"M= ~ 

F 


( 7 ) 

For the energy (e) we substitute the value of ~ , 

at 

derived from equation (6), in equation (4) and obtain — 
jg f (sin*a - sin*0)*</0 


2 f (sin s « - sin*0) tdO 
Putting sin 0 = sin a sin 0 we have 


cos > 

IK . ;! COS > 
e - sinvi - 
2 


r. 


dd 


.IK 

2 


IK 

2 


r* m 

J COS (ft 

?r 

[*sin*a cos 

J A 

f ? 

s,n*a/' - flzA 

j » A 

F' 


IK \£' , ) 

•— |^-COS'a} <*) 
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Assigning to a a series of values from o° to 90° the 
relative mean values of the magnetic moment and energy 
may be calculated. In the subjoined table, columns (3) 
and (4), the maximum in each case has been put equal to 
100. 

The principal difference between this and the former 
set of numbers is the absence here of negative values 
and consequently of diamagnetic properties. The mag- 
netic moment declines continuously, but the energy 
reaches a maximum at an angle « approximately equal 
to 70'. At 90 the magnets are in a position of 
instability. If such a pair of magnets is in rotation the 
magnetic moment vanishes. 

The behaviour in the simple case here considered of 
two magnets vibrating freely presents some features which 
are found in the behaviour of a ferromagnetic substance 
when its residual [magnetism is subjected to rise of 
temperature There is in such a substance a decline of 
magnetic moment which at lower temperatures is slow 
and at higher temperatures swift, and at or near the 
critical temperature, where the loss of magnetism is very 
rapid, the phenomenon of recalescence is found, which 
shows that the rate at which energy is being absorbed on 
heating and emitted on cooling is extremely large. 

Sir J. A, Ewing conjectures that recalescence may be 
due m part to the subsidence of rotations of molecular 
magnets Jnto vibrations of narrow range, and the table 
shows that the change of energy is very large immediately 
below 90°, when rotations pass into vibrations. 
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Single Magnet. Pair of Magnets. 


- 



— 


- 


u 

M ean 
Magnetic 
Moment. 

Mean 

Energy. 

a 

Mean 

Magnetic 

Moment. 

Mean 

Energy. 

o° 

100 0 

0*0 

o° 

I OO'O 

0*0 

3 ° 

933 

I O'O 

3 °° 

93 1 

3 6 '6 

45 ° 

85 •« 

2r 5 

45 

847 

6 9'3 

60 

741 

36 2 

() 0 ° 

72-8 

94*5 

75“ 

60 8 

5 2 4 

^5 

68*o 

988 

90 

45*7 

68*6 

7 ° u 

1 

62 7 

I OO'O 

1 20 

12-3 

93 4 

7 i° 

6 1 *6 

998 

130° 

0 8 

977 

; 

1 75 ° 

56*8 

976 

1 40° 

- 107 

100*0 

89 

28*9 

55 '7 

1 5 ° 

1 - 22*2 

9&’5 

9°° 

0*0 

0*0 

i 7 8 j 

-63-2 

55 *i 

l 

li 



i8o° 

1 

- ICO'O 

0 0 

1 

1! 1 
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V. The Specification of the elements ot stress, rart 11. 
A Simplification of the specifications given in 
Part I. (Vol. lvi., No. X.). 

By R. F Gwyther, M.A 


(Read January yth % 1913 Received foi pubhcatton, Januaiy 20th , /p/j ) 


In the first part of this paper* I gave the general 
solution of the equations 


dx dy dz 
‘*V + dQ + d _S_ 0 , 

dx dy dz 
dT dS , dJt _ 
dx dy dz 

in the form 

0 -**- 2 **!+*?* 
dz 2 dxdz dx* 1 


jR 


rf 80 , <£e, 

<a?j? dxdy ’ 


= _ 

dx 1 dxdy dxdz dydz ' 

T _d^t x <f a *, t <pv, ye, 

(/V s dydz dxdz ' 


<^8, 

dxdz dydz dz* dzdy ' 

I also noted the similarity in form of the right hand 
aide of these equations to certain equations of* condition 

'Manchester Memoirs , lvi. (191s), X., equations (5). 
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which appear in the theory of elastic strains, from which 

it follows that, if 

r\ „<lu _dv dw 


- dW ±. dV 2*= dU + dW 2 * ~ dV + dU 
dy dz dz dx dx dy 

the expressions given for P, 0 , R . . will vanish 

identically. 

I however omitted to notice the great simplification 
which this latter fact allows us to make in the form of the 
solution of the equations. 

For it appears that, whatever forms the functions 

Oi, 0 2 , 0 3 , may have, we may equate them to 

du dv , dw 
i , and -~— 
dx dy dz 

respectively, and then find some allied functions i&'tSi* t , 
such that 


. / dw dv 
2 ^ = - + - , etc, 

dy dz 


and therefore such that 


0=^' + tc. 

dy 1 dydz dz* 


On subtracting these six equations from the corres- 
ponding expressions foi P y Q,R, etc., we shall eliminate the 
functions 0 U Q it 0 8i and alter the values of the corres- 
ponding functions >F a , >p a . , 

But as all the functions are arbitrary functions, this 
amounts to the statement that if we equate each of the 
functions 0 „ 0 8 , 0 3 , in the values of P,Q f R, to zero, the 
remaining terms in % 9 and alone still constitute 
a general solution. 

By similar reasoning, we may omit the terms in 
* and and the remaining terms in 0 t , @ tl and 0, 
alone will constitute the general solution. 
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In a foot note on page 5 of the paper referred to, I 
stated that my solution differed to this extent from a 
solution previously given by Sir G. B. Airy, by the intro- 
duction of the 'P- functions. I must now withdraw the 
implication that Airy’s solution is not as general as that 
which I then proposed. 

We may, however, proceed further with the alteration 
in form of the solutions. We may select any three of 
the six functions to equate to three elements of strain, 
provided that we are able to deduce values of the other 
three functions from the three elements of strain selected, 
and then we may omit as before the three selected 
functions from the expressions for P, Q y R y S, T \ U ’ 

It seems that the only components of strain to be 
excluded are such combinations as 

du dv dv du 

— j — » — + — 

ax dy dx dy 

which do not introduce w y and will not serve for the 
purpose required 

The sets of functions therefore which may not be 
omitted from the values of P,Q y R are 0 *, 0 8 , and 
0j» 0i> an d 0p 0 8 , and ; conditions that are other- 
wise seen to be necessary. 

The results arrived at apply also to the cases of 
solution in cylindrical- and spherical-polar co-ordin- 
ates, and as the expressions in these cases are longer, 
the convenience of effecting a reduction in the number 
of functions will be the greater. 

The question of the generality of the proposed solution 
naturally arises, and is not without mathematical interest 
It appears that the solution is quite general although the 
six arbitrary functions can, from the form in which they 
appear, be so grouped as to be reduced to three. 
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A justification may be founded on the foimal solution 
of the more general statical equations 

dp XJ _j_ dPy j ^ dp zt _ _ Q 

dx dy dz 

with two similar equations. 

From these we obtain in the most general case 


dty, _ dtp, 

PiX ' dy dz 


A- 


dxpr d6 x 

--- 4 — » 
dx dz 


_ d<p r _ dO. . 
dx dy 


with two other sets of three equations each. 

Now making p ya ~p jy = (7 f etc., we obtain the equa- 
tions of which the general solution is sought. 
Accordingly we get 


ftyr + <H>,, 

dx dy 


dz 


d 

dx 


(4 ** + + 


djK i Pfij o 

dy dz 


d±* 

dx 


dy 


((h + h) 


+ = 0. 

dz 


Without going through the steps to obtain the conse- 
quent values of p x1 . . . S } 7\ and U, it is clear that the 
values will depend on the second differential coefficients 
of some arbitrary functions, and, if this is the case, the 
values must be those which have already been found, and 
accordingly the result must be general. 

The fact that by the equality of p yx and p x ^ etc., the 
number of arbitrary functions in the solution of the equa- 
tions can be reduced to three is, I think, established, but 
on the physical interpretation of the reduction I have not 
formed a definite opinion. 
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VI A Note on Black Pottery from the Gold Coast 
and Ashanti. 

By William Bukton, MA, FCS 

(Keen ui and t ead Ipnl 8 th, 1913 ) 

Antiquarians and ethnographers have often drawn 
attention to the unglazed forms of piimitive pottery which 
are gray or black throughout their substance. 

The pie-dynastic races of the Nile Valley, the earliest 
races in Italy and in many other European countries 
evidently produced large quantities of pottery of this kind, 
and the so-called “ Buchero Nero” of Northern Italy and 
elsewhere has acquued great significance in the various 
attempts that have been made to classify the progressive 
stages of culture of these races 

It is natural that, owing to this importance of ancient 
black pottery, many attempts have been made to explain 
how the pottery was blackened, and it has generally been 
assumed, where the blackening was thorough and intense, 
that the ware was fired in some kind of a smother kiln in 
which, towards the finish of the firing, the vents of the kiln 
were wholly or partially blocked so as to retain the carbon- 
aceous matter in the kiln, for, of course, it has long been 
known that this black ware owes its colour purely to the 
presence of finely divided carbon or some carbonaceous 
substance through the ware 

Recently I received from the Liverpool Museum some 
very interesting information, together with some speci- 
mens which Mr. Ridyard had kindly forwarded to them, 
showing how this process of making black pottery is at the 


May 28th) rgrj. 
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l\v.z$> 2 tn day conducted in the regions bordering on the 
Gold Coast of West Africa. 

The clay used for the purpose, which is an ordinary 
superficial/red clay identical with many red burning clays 
found in/England and elsewhere, and of which 1 exhibit a 
sample, is prepared with water in the usual way and 
allowed to stand in a mass for about two days. Then the 
women, who are the potters as is usual with all primitive 
peoples, shape the vessels by hand on a piece of board 
from the fairly stiff plastic clay, being apparently un- 
acquainted with even the simplest form of potter’s wheel. 
This, of course, is exactly what took place in the making 
of pottery in the earliest times, for both gray, red and 
black pottery vessels of excellent shape and of a high 
degree of finish are well known long before the intro- 
duction of the potter’s wheel. 

When the vessels are made they are dried slowly 
until they are in a condition which a modern potter would 
describe as “ leather hard.” They are then polished with 
small flattened pebbles such as can be picked up on many 
sea-beaches, and, as these primitive peoples have a great 
fondness for the simpler forms of geometrical ornament, 
the edges of the pebbles are used to incise patterns into 
the clay, as in the examples shown. A good plastic clay 
can be polished to a very fine surface by this method 

After making and polishing, the vessels are allowed to 
stand in the sun for about three days to thoroughly dry 
and harden them before firing, and in tropical and sub- 
tropical countries such sun-dried vessels are often used 
for the storage of dried grain and other food products, and, 
by pitching them inside, they can be used for holding 
liquids. 

After drying in the sun the vessels are placed in a 
conical fire made of sticks placed on end in a bed of dried 

j % 
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grass, a number of pieces being fired together. They are 
fired for forty minutes, and after being removed from the 
fire in this condition and allowed to cool they are, of 
course, found to be burnt red. The pots that are to 
remain red are taken from this fire, cooled, and then 
coated with a thin coating of led-raddle and again 
polished with the stone polishers. I have here two frag- 
ments of the mineral that is used for this purpose, which 
is stated to be very difficult to get as it comes from the 
interior of Ashanti. 

To make the black pottery the following ingenious 
method is adopted : — 

The pots are taken from the fire after forty minutes' 
burning, while they are red hot, and arc plunged into a 
bed of leaves, where they are constantly moved about for 
twenty minutes. The leaves, of course, become carbonised, 
and a dense smoke is given off in the process. Care is 
taken to keep the leaves from firing by damping them if 
they are too dry. The finely divided carbon or tarry 
matters produced in this way penetrates into the heated 
clayware and leaves a deposit of carbon throughout it. 

When the vessels are finally taken from the bed of 
leaves they can be again polished, if necessary, by the use 
of the stones, and the pottery is complete. 

All the operations appear to be conducted under a 
kind of thatched shed, or are protected from the wind by 
the use of matting. 

The authorities of the Liverpool Museum were kind 
enough to send not only specimens of the clay and of the 
materials used but also a sack of the leaves. They 
requested that l would repeat the process as described 
both with some of the red clay from Africa and with our 
own local red clay. I was also asked if there was any 
special merit either in the clay or in the leaves themselves. 
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I sent some specimens of the leaves to our President, 
who has kindly determined them for me, as he explains 
in a note appended to this paper, ft is obvious, not only 
that any kind of clay could be blackened in this way by 
the use of these leaves, but that any kind of leaves or dry 
grass would act in precisely the same way 

I have here some specimens made at Pilkingtons’ 
Works at Clifton Junction from the African clay and from 
our own clay, both in the red and the black state, and 
what is true of the (me is, of course, true of the other. 
Some were blackened with the leaves, others with damp 
hay or damp sawdust, and they are identical in result. 

I am glad to have the opportunity of reading this note 
to our Society because the method used is undoubtedly 
one that was well within the reach of primitive people 
at the most remote periods, when pottery was first made, 
and any one theorising to-day as to the methods used by 
ancient peoples ought to be very careful that the methods 
attributed to them were well within the compass of their 
knowledge and of the materials at their disposal 

Noth. 

The leaves referred to by Mr. Burton in his note on 
Black Pottery from the Gold Coast and Ashanti and 
vsubmitted to me for identification were those of the Cashew- 
nut ( Anacardium ednle ), a West Indian tree now grown 
extensively all over the tropics. The veins of the leaf 
are accompanied by very characteristic resin canals. 
The mesocarp of the fruit contains a volatile oil, which 
blackens on exposure to the air. It is, however, obvious 
from Mr. Burton’s experiments that it is not any special 
substance contained in the leaves of the Cashew-nut 
which turns the pottery black, but that this power is 
common to every kind of vegetable tissue. 


F. e. w. 




RECENT Elephant Norse Lemurs Monkeys Anas Homo Sapiens 


MamJifsti) Millions, I '<>/ I l r // Vo 'J 


r/oti / 



BASAL tOCENE Primitive 'nsectivoea 



Manchester Memoirs , Vol. fail . (1913), No. 7. 


VII. A Criticism of some Modern Tendencies in 
Prehistoric Anthropology. 

Hy W. II. Sutcliffe, F.G.S. 


“ Foreword.’’ 

Although the broad lines of this paper are entirely my 
own, and I claim the whole of the responsibility in 
connection with it, I wish to acknowledge my indebted- 
ness to Mr. 1 ). M. S. Watson for much assistance in 
working out the details. 


June 24th, ujjj. 
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VII. A Criticism of some Modern Tendencies in 
Prehistoric Anthropology. 

By W H. Sutcliffe, F.GS. 
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Introduction. 

Within the last few years there has been a great 
revival of interest in England in the study of Primitive 
man which has resulted, not only in much valuable work, 
but also in the diffusion and general acceptance of ideas 
based on the most slender and insecure foundations 

It is the purpose of this paper to examine some of 
this evidence, in so far as it lends support to a high 
antiquity of man in Western Europe. 

The human remains found in America, for which a 
great age has been claimed, particularly Ameghino's 
discoveries, have been so completely examined by Hrd- 
licka, who found that such of them as are human are the 
remains of recent Indians, that it is unnecessary to pay 
any attention to them. 


Section I. 

Before considering the evidence of man's antiquity, 
it is necessary to clear the ground by understanding the 
exact point at issue. 

It is certain that man has been gradually evolved from 
some early Eocene stock, and it is probable that his ancestry 
has followed a different but parallel line to that of the 
higher anthropoids for a very long period, perhaps since 
the Oligocene. Hence, just as we can loosely speak of 


June 24th, iprj. 
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horses being an element in the middle Eocene fauna of 
Europe, so we can say that man also occurred at that time. 
To do so, however, is to beg the question at issue. Were 
it not for the wonderfully complete series of horse ancestors 
now known, it would be impossible to recognise the 
Eocene and Oligocene horses ( Pachynolophus ), etc., as in 
any way related to those now living, and in the same way 
we should not recognise our ancestors of that period. 

For the purpose of this work “ Man ” is taken as 
including only members of the genus Homo , or rather of 
the family Hominidae bearing the same relation to the 
family Simiidae that the sub-family Equinae ( Onohippidion , 
Hippidion , and Eguus) does to the family Equidce ( Hyra - 
cotherium , A nchithenuvi , Hipparion). This family ( Homi- 
nidae) may be taken to include Pithecanthropus , Eoanthro- 
pus and Homo. 

For the general discussion it may also be taken to 
include all makers of implements which show evidence of 
design. 

The European evidence of man’s high (prepleistocene) 
existence is of two kinds: (a) Direct through the dis- 
covery of tools in early gravels, and (h) indirect, depend- 
ing on theoretical conclusions. 

(a) The direct evidence depends mainly on the 
chipped flints, commonly called Eoliths. These flints 
(and cherts) have been found in many places and in 
deposits of all ages, and have a general resemblance ; 
they are rough, natural pieces of flint which are chipped 
round the edges. Examples which call for special mention 
are the series from the plateau gravels of Kent, first col- 
lected by Mr. Benjamin Harrison and brought to scien- 
tific notice by the late Sir Joseph Prestwich. 

The cherts from the middle Miocene of Aurillac are 
also of importance, and the flints from the basement bed 
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of the Red Crag found by Mr. J. Reid Moir and described 
by Sir E. Ray Lankester demand special treatment. 

( b ) The indirect evidence depends on the work of 
Professor A. Keith and is of the following character : — 
Two remains of man, the authenticity of which is 
above question, have been found in early pleistocene 
gravels : Homo heidelberge?isis , represented by a lower 
jaw, from Mauer, near Heidelberg, found in association 
with a typical early pleistocene fauna (Elephas antiquns, 
Rhinoceros etruscus and Equus stenonis), and Eoanthropus, 
found in a high level river gravel at Piltdown, Sussex, 
associated with a mixed fauna, containing derived Pliocene 
types. This find consists of a fragmentary skull and lower 
jaw, undoubtedly belonging to the same individual. The 
fact of this association shows conclusively that the human 
remains are not derived, for if they had been it is incon- 
ceivable that the two separate parts should have been 
buried in such close association. They are therefore of 
the same age ms the deposition of the gravel, which is fixed 
by the occurrence of good implements as being early 
Pleistocene. 

The series of implements is probably too small to 
allow of definite dating, but Dr. A. Smith Woodward and 
Mr. Charles Dawson, their discoverers, regard them as 
Chellean ; they are, in any case, River Drift. 

These two types are exceedingly primitive, and the 
later Mousterian type, Homo nea?idertalensis, could on 
existing evidence be derived from either of them. 

Two skeletons, the Galley Hill and the Ipswich man, 
which have recently been examined by Professor A. Keith, 
are regarded by some authorities as being of approximately 
the same age — Chellean or Early Acheulean. They 
represent essentially modern types of men, utterly different 
from Eoanthropus and Homo heidelbergensis , and the con- 
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elusion is that man must have already been in existence 
for a very long period to allow of the development of such 
divergent types. 

This conclusion is logical, but depends entirely on the 
age of the two skeletons in question, and it is proposed to 
examine in detail the evidence of this age. 


Section II. 

The Broad Lines ot Tertiary Mammalian 
Evolution 

In the basal Eocene of Europe and North America 
occurs a large mammalian fauna, best known from the 
discoveries of Lemoine in the Thanetian of Cernay, near 
Rheims, and of the American palaeontologists in the 
Puerco and Torrijon formations of New Mexico. This 
fauna contains three distinct elements : — 

First, a large number of multituberculates, the last 
survivors of an important Mesozoic group which practi- 
cally died out at the end of this division. 

Second, the main mass of the fauna consists of very 
primitive placental mammals, including the ancestors of 
many archaic types which, with few exceptions, died out 
at the end of the Eocene period. 

Third, a very small group of animals, which may very 
doubtfully include the ancestors of such modern groups 
as the Insectivores and Primates. 

There is thus a complete absence of all modern types 
of animals ; the ancestral Artiodactyls, Perissodactyls, 
and Rodents, if they occur, are in so extremely generalised 
a form that they cannot be recognised. All the Thanetian 
animals are of small size, none bigger than a sheep. 
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The first certain Primates occur in the Wasatch 
(Lower Eocene) of North America in the genus Anapto- 
morphus, a small, very primitive Tarsius-like form, with 
tritubercular molar teeth. The same, and some other 
genera, occur in the top of the lower Eocene of America, 
in the Wind River formation, where they attain to a 
rather larger size. 

In the European Upper Eocene we get typical 
Primates. Adapts and Necrolemur are lemur-like animals, 
the largest about the size of a fox terrier. 

The associated mammals include many groups which 
became extinct during the Oligocene and Miocene 
(Lophiodonts, Pakeotheres, Dichobunids, Anthracotheres, 
Ancodonts, Xiphodonts, Dichodonts, Anoplotheres, and 
Hyaenodons, together with primitive horses, pigs, lemurs, 
squirrels, insectivores, primates, and carnivores). 

No animals which have any claim to be considered 
the actual ancestors of the ruminants are known. 

The first anthropoids in the widest sense of that term 
have been found in the Oligocene of the P'ayCim, Egypt. 
They represent three distinct genera, one of which has 
every appearance of being an ancestral higher ape or man. 
This animal, Propliopithecus, which has been described 
by Schlosser, is of very small size (about that of a new- 
born human infant) and is solely represented by one 
ramus of a lower jaw in the Stuttgart Museum. 

The associated fauna includes extremely primitive 
members of the Proboscidea before that group had 
acquired its characteristic dentition and trunk. 

There are also representatives of many families or 
orders of ungulates which have since died out ; and at 
the same period, in Europe and North America, were 
living amongst innumerable types whose lines subse- 
quently became extinct the very primitive ancestors of 
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the Horses with three well-developed toes ; of the deer, 
hornless, of very small size, with very primitive limbs ; 
and of the camels and pigs. 

In the succeeding Miocene of France we find an ape 
Pliopithecus having affinities with the Gibbons, with a 
fauna in which true dogs and cats had not appeared ; 
where the deer had very simple antlers, like the existing 
muntjac, the horse still had three well-developed func- 
tional toes, and the Proboscideans included the primitive 
Mastodon, Tetrabclodon angnslidens and Dinotherium. 

In the Pliocene, living types of animals make their 
first appearance in force ; the deer, oxen, antelopes, 
horses, rhinoceroses, hippopotami, cats, dogs, and bears 
in, at any rate, the later part of this period, agreeing 
fairly closely with those now living. 


Section III. 

Eoliths and Rostko-Cakinatfs. 

The preceding sketchy account of Tertiary mam- 
malian life will show the complete impossibility of a tool 
manufacturing ape or man living in the lower Eocene at 
a time when practically no modern types were even 
foreshadowed. 

In discussing the evidence of tools as to man's 
antiquity, two features have to be considered. Firstly, 
the evidence as to the age — that is real occurrence in the 
terraine in which they are said to occur and the actual 
age of that deposit ; and secondly, the evidence that they 
are implements. There is a tendency amongst those who 
work much with Eoliths to argue in a circle. They are 
liable to say that because a stone fits the hand and might 
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have been used for some purpose, it is therefore an 
implement. 

I went to see Mr. Benjamin Harrison of Ightham, the 
original discoverer of the Kentish Eoliths. I was amazed 
at the manner in which he manipulated his Eoliths. If 
the so-called implement would not fit the right hand, then 
it was evidently intended for a left-handed man, and the 
variety of purposes to which they might, could, would, or 
should have been put was without limit. Evidence of 
such a character is of little scientific importance. 

Mr. Harrison and his followers constantly adduce in 
support of their claims some of the very rude implements 
of the Tasmanians, saying, as is perfectly true, that many 
of them would never be recognised as implements unless 
they had actually been obtained under such circumstances 
that there can be no doubt about the matter. They claim 
that many of the debatable Eoliths are similar to those 
used by the Tasmanians, and thus arrive at the con- 
clusion that they must therefore be implements In this 
conclusion they are not, in my opinion, justified. The 
fact that a stone is capable of being used as a tool is not 
evidence that it actually was so used, and it is the latter 
feature which is essential. 

Every unbiassed person who* traces the gradual 
improvement of flint implements from the rough Chellean 
types, through the Acheulean, Mousterian, and Aurig- 
nacian, to the magnificently worked flints of the Solutrian 
period, must admit that, preceding the Chellean period, 
there must have been other stages of even more primitive 
implements ; in the Stripy an implements of M. Rutdt 
we seem to have such types, made out of flint nodules by 
a deliberate flaking, so as to bring the borders to a more 
or less sharp but irregular edge. 

From the Str^pyan to the top of the Acheulean we 
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can trace the gradual improvement of generations of 
workmen in the manufacture of an implement by the 
surface flaking of a flint nodule ; from the Mousterian 
period upwards we see the evolution of an implement 
made out of a large rough flake ; in fact, throughout the 
whole period of flint working we find a definite evolution, 
sometimes retrogressive, but always such that any series 
of one age will, without external evidence, suggest its 
own date. 

The Eolithic flints have been divided into stages by 
M. Rutot entirely from the geological evidence of their 
age, though it is impossible from the internal evidence of 
a group of Eoliths to give any indication of their terraine. 
For example, M. Rutot himself determined the stage of 
some Eoliths found by L’Abbe Breuil in the Thanetian 
or basal Eocene as Reutelian, a Lower Pleistocene stage. 
Eoliths, in fact, show no evolution, a fact readily explic- 
able if they are produced by non-living agents but 
beyond explanation if they are products of man’s handi- 
craft, since human products, as is well shown by Palaeo- 
lithic implements, invariably show a progressive change 
in form, usually forward in the direction of greater finish 
and usefulness, sometimes retrogressive, leading to loss 
of beauty and degraded types. It is essential for reliable 
evidence of this character that the worked flints depended 
on should be capable of being produced by human 
agencies alone. As most Eoliths are of similar types, it 
is sufficient to show that those types can be produced by 
accidental causes, not involving design, to destroy the 
importance *of Eoliths as evidence, although it will still 
remain probable that some of these flints have actually 
been used by man. (For example, the occurrence of 
Homo heidelbergensis in beds little if any younger than 
the sands of St. Prest and the* Norfolk Forest bed 
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suggests that it is quite probable that the Eoliths described 
from these latter beds are actually instruments, although 
1 hold that in themselves they give no reliable evidence of 
the occurrence of man at that peiiod.) 

Professor Comment has described a series of Eoliths 
from the base of the Eocene, many of which, if found in 
Palaeolithic gravels, would be accepted as implements 
without demur. M. L’Abbe Breuil has described a 
similar discovery in the Thanetian ; and Mr. Worthington 
G. Smith describes and gives cuts of some of nature’s 
forgeries that he found deep in undisturbed clay with 
flints which show bulbs of percussion, ripple flaking and 
chipped edges. 

The very brief account of mammalian evolution given 
above will convince any unprejudiced observer that these 
Thanetian and early Eocene flints must be of purely 
natural production ; the utter absence of any animals 
which we can suppose capable of designedly shaping a 
tool at the period of deposition of the gravel which con- 
tains them is a certain fact supported by the whole weight 
of our paleontological knowledge. Yet some of these 
flints are extraordinarily like implements, and if found in 
palaeolithic gravels would be accepted without question. 
Some of them are formed by the secondary flaking of a 
primary flake, itself with a good bulb of percussion ; some- 
times the secondary flaking takes the form of long narrow 
parallel flakes, presenting an extraordinary resemblance 
to that on some neolithic arrow heads. All types of 
Eoliths may be matched amongst these wonderful flints, 
including the characteristic “hollow scrapers” of the 
Kent Plateau. 

Monsieur Marcellin Boule has shown that the same 
types are produced daily in the washing mill of a cement 
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works at Mantes, characteristic Kent Plateau types being 
amongst the products. 

Mr. Hazzledine Warren showed that carts, passing 
over a road mended by flints, produce Kent Plateau 
Eoliths of typical form in considerable numbers. 

Finally, to remove the last trace of doubt, if any 
should still remain, M, L’Abbe Breuil found the flakes 
removed from his Thanetian implements still so closely 
associated with the blocks from which they came as to 
show clearly the exact way in which they were formed 
by the mutual pressure of the stones in the thin layer in 
which they occurred in the deposits. This recent obser- 
vation seems to entirely destroy the evidential value of 
Eoliths as bearing on the occurrence of man in early 
rocks, although it does not follow that some Eoliths may 
not actually be of human manufacture and use ; in a 
sense, the boulder that one uses to drive in a tent peg is 
an Eolithic tool, although it will not generally show any 
marks of use. 

The chipped flints found by Mr. Reid Moir in the 
stone bed at the bottom of the Red Crag are deserving of 
close attention and careful treatment. The evidence of 
their provenance is convincing, and such proof as they 
present of human workmanship has been very ably put 
forward by a Committee of the East Anglian Prehistoric 
Society as well as by Sir E. Ray Lankester. It is 
eminently desirable that some competent authority, with 
local knowledge and a mind of sceptical texture, should 
marshal all the testimony which can be brought together 
against their human manufacture. 

All that is attempted in this paper is to indicate some 
of the lines on which such an examination might proceed. 
It must at the outset be clearly realised that the Red 
Crag may be only so slightly older than the deposits in 
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which the Mauer jaw was found that the a priori impro- 
bability of the existence of “ Man ” at that period is of 
slight value, if of any at all, as modern types of animals 
were already appearing in great force in the middle 
Pliocene of Europe. The discussion therefore will have 
to be directly concerned with the flints and the con- 
ditions under which they could have been formed. 

The scratches with which so many of the flints are 
marked, although they could, of course, be formed in 
connection with ice work, are, in my opinion, not of a 
character w.iich allows of a definite statement that they 
are of glacial origin. The stones do not, of course, 
show the sub-angular form characteristic of glaciated 
pebbles, and the scratches themselves have not that 
regular parallelism which alone justifies an unqualified 
demand for ice action. They could in all probability 
have been formed during movements in a thick bed of 
gravel, either slowly, by earth creep, or by more rapid 
land-slides. If this be so, it is not unlikely that the stones 
were at one time in circumstances where they were 
exposed to the action of large forces capable of producing 
fractures of the magnitude required. 

With regard to the actual flaking, little can be said ; 
it appears to be at present impossible to distinguish 
between human and natural flaking merely as such. Ac- 
cording to M. Commont and M. L’ Abbe Breuil’s figures, the 
chipped flints of Thanetian age, which must be of natural 
origin, show bulbs of percussion and secondary parallel 
flaking, so that these characters vanish as evidence of 
human workmanship. 

Evidence of human workmanship of a chipped flint 
depends, in fact, on its being of such a shape that it can be 
handled, and that it can be used for some purpose. It is 
much strengthened by the occurrence of numerous ex- 
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amples of the same type and still more so by proof of a 
gradual evolution of form of the implement with time. The 
flints which Sir E. Ray Lankester has named Rostro- 
carinate implements occur in considerable number (twenty 
or more), and can be handled to a certain extent. He 
offers no satisfactory suggestion as to their use. The idea 
that the smooth under-surface was used for flattening 
and smoothing skins seems purely fanciful. The surface is 
usually more or less concave, and in the more richly flaked 
examples so roughened by the aretes of the chips as to be 
useless for such a purpose. In others it is too small, and 
in some does not exist. In any case such a view provides 
no explanation of the lateral flaking It is conceivable 
that they could have been used as percussion implements, 
but their form is not all adapted to such use ; such a 
flint as number H, largely flaked all over and with a 
blunt point, is opposed to such a view. 

It is, in fact, very difficult indeed to imagine any use 
for them. The evidence that they are of human handiwork 
rests very largely on the occurrence of a number of 
specimens of similar form. Proof of this particular nature 
is exposed to a psychological objection. Every geologist 
who has collected largely from one formation is aware 
after a time that nodules of certain shapes are much more 
likely to contain fossils than those of other forms. The 
result of this is that instinctively and quite sub consciously 
he selects such nodules, disregarding, and, in fact, not 
realising the presence of those of other shapes. Exactly 
the same thing takes place in the case of flints — the 
collector is sub-consciously or even consciously on the 
look-out for certain forms, and will in the end reject stones 
which do not conform — roughly it may be — to the objects 
of his search. Perhaps the finest example of this action is 
to be found in the Kentish u Plateau Eoliths/* where the 
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industry of Mr. Harrison has brought together an enor- 
mous number of flints grouped into three or four types. 
The coincidence in shape of many of these is very 
striking, at least as much so as in the case of the Rostro- 
carinate flints. Yet no plausible use for them has been 
suggested. 

The vast majority of the Kent Plateau implements 
are more or less of the nature of Ziolloiv scrapers, a form 
which is only of use in rounding sticks, a work probably 
not largely needed by a very primitive man ; there is an 
absence of forms which are adapted for hunting and pre- 
paring skins, the all-essential business of primitive man. 
Chellean man seems to have got along very well without 
hollow scrapers. 

The work of Mr. Hazzledine Warren, L’Abb 6 Breuil, 
etc., has, in my judgment, completely discredited the idea 
that these are of other than natural origin, and I believe 
that they have now few supporters of importance, or none. 
The fact that Kentish Plateau types do not commonly 
occur in any other locality is probably due to the fact 
that nowhere else do we find suitable gravels rich in the 
thin tabular flint from which they are all shaped by 
nature. The resemblance between Mr. Moir’s Rostro- 
carinate flints is not close ; some of them have a sharp 
anterior ridge ; others are flat in front. Some slope down 
gradually to the point ; some again drop suddenly so that 
the keel is nearly vertical. These differences, although 
just what one would expect if they were of natural origin, 
are such as to throw serious doubt on their being tools, 
for they would imply adaptation to very different uses, 
and the whole argument, from resemblance between the 
members of a series, turns on the fact that the members 
of such a series are designed for one particular use. 

Perhaps the strongest evidence in favour of the 
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human origin of the sub-crag flints lies in the suggested 
traces of an evolution in workmanship of the type shown 
in examples of mid-glacial age. It must be remembered, 
however, that these later flints are very few in number, 
and that the best of them were collected by a quarryman 
presumably accustomed to Palaeolithic flints, hence not 
unlikely to be a plausible illustration, ruder types having 
been inevitably overlooked. 

This evidence is now disci edited by some flints which 
recently came into my hands. Amongst some implements 
from Hackney (obtained from the welJ-known dealer, 
Mr. F. H. Butler) are four flints which agree very closely 
with Mr. J. Reid Moir’s Rostro-carinate type. They 
agree exactly in colour, patination, and the character of 
the flint with typical early Acheulean or Chellean imple- 
ments from the same locality. Four of them are described 
and two figured in detail in an appendix to this paper. 

Comparison of these descriptions and figures with 
those given by Sir E. Ray Lankester of sub-crag flints 
will show the complete resemblance of the two series in 
shape, size, character of the flaking, and general roughness. 
Sir E. Ray Lankester has already shown that the same 
form occurs in the upper Miocene of Aurillac. 

It is inconceivable, in view of our present knowledge 
of early flint industries, that a tool should retain exactly 
the same form and rudeness over this enormous period. 

I have little doubt that search would show the same form 
in many of the flint-bearing gravels. 

It would be interesting and instructive to collect all 
the flints from the Red Crag stone bed which show any 
traces of flaking, without reference to their form, and 
then compare the series so arrived at with the Rostro- 
carinate and other types described by Sir E. Ray 
Lankester. 



Manchester Memoirs , Vol. Ivii. (1913), No. f. 


15 


A review of the whole subject shows it is desirable 
that more extended investigations should be made into 
the results of natural flint fracturing ; perhaps one of the 
simplest methods of beginning such an investigation 
would be to collect chipped flints from some early Tertiary 
flint gravel from which human artifacts would necessarily 
be absent. 

It is very desirable that the Rostro-carinate flints 
should be submitted to as many scientific archaeologists as 
possible. Especially it is to be desired that the scientific 
world should benefit from such results as the further 
examination and unrivalled experience of Professors 
Boule, Cartailhac, Breuil, and Commont would be likely to 
confer upon it. 

I have presented the four Rostro-carinate flints to the 
Manchester Museum, together with a scries of associated 
palaeoliths. 


Section IV. 

Human and Animal Remains. 

Some years ago, in the Galley Hill pit, in the ioc/ 
Thames terrace in Kent, a skeleton was found which is 
believed by some authorities, notably Keith, to be con- 
temporaneous with the early Pleistocene mammalia and 
the Chellian implements found in the same gravels. This 
skeleton is of an essentially modern type, and if it be 
correctly referred to the Chellian is older than Homo 
neandtrtalensis and of the same age as Eoanthropus. 
This would imply a sufficiently long antiquity of man 
prior to the Pleistocene to allow for the separation of the 
two stocks, one leading through Homo keidelbei gensis to 
Homo neandertaiensis and the other to the Galley Hill man. 
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This conclusion is logical, but depends entirely on the age 
of the Galley Hill man. Quite recently another skeleton 
of modern type, for which a high antiquity is claimed,’ 
has been found by Mr. Reid Moir at Ipswich. These two 
finds are the only evidence of the occurrence of a modern 
type of man at this early date, and it is very desirable to 
examine their authenticity. 

It is to be noticed first of all that they are, with the 
exception of Eoanthropus* the only human bones which 
claim to have been found in our undisturbed Pleistocene 
deposits, not in owes, and that they are, or were, when 
found, both complete skeletons. Many thousands of bones 
of animals comparable in size with man have been found 
in Pleistocene river deposits in England, and only one 
mountable skeleton is known, a hippopotamus from Bar- 
rington, near Cambiidge. Even small associated sets of 
bones are of extreme rarity ; five only have been placed 
on record in museums : Bos primigenius , Ilford (Brit. Mus. 
Nat. Hist.) ; Hippopotamus major , Barrington (Cambridge 
Mus.) ; Rhinoceros antiqmtatis , Cray ford (Manchester 
Mus.) ; and the remains to which Sir Antonio Brady’s 
Mammoth skull belonged. 

It may be objected that complete skeletons have 
occurred at Galley Hill and the neighbouring pits. This 
cannot be denied, but they do not assist the argument, 
since the relics are undoubtedly those of recent cattle, a 
specimen of which collected by D. M. S. Watson eight feet 
below the surface in the Milton Street pit has been 
deposited in the Manchester Museum. Continental 
experience in river gravels agrees with our own in that 
separate bones are common enough, but associated sets 
of bones unusual. The chances therefore against the only 
specimen of a type being a skeleton are enormous. The 
* And the Bury St. Edmunds fragments. 
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probability that the next specimen of the same type 
should also be a complete skeleton is so minute as to be 
negligible ; yet in face of this extreme improbability we 
are asked to believe that the first two occurrences of man 
in British Pleistocene gravels should both be complete or 
essentially complete skeletons. The mistake made by 
the finders of these skeletons is in presuming that they 
are of the same age as the gravels in which they were 
found. What is the evidence? 

The Galley Hill skeleton was not seen in situ by any 
scientific man ; in fact, not seen by any geologist till 
several years after its discovery. Two witnesses of no 
geological training say that the beds of gravel above 
were undisturbed. One of them says, “ I was struck by 
the undisturbed condition of the gravel in which it was 
embedded. ” The other declares that it “ projected from 
a matrix of clayey loam and sand.” On the evidence of 
these two witnesses, who contradict one another on a 
point so fundamental as the character of the surrounding 
matrix, we are asked to believe that the gravel above was 
undisturbed, a point always very difficult to establish. 
As a matter of fact, the bones are of a deep brownish 
grey colour, supporting the view of the witness who said 
that they lay in clayey loam and entirely different from 
what we should expect if they had been preserved in the 
ordinary red brown gravel. 

The Ipswich skeleton was found and very carefully 
excavated by Mr. Reid Moir, so that the evidence in its 
favour is more satisfactory than that of the Galley Hill 
man. It lay apparently in a compact mass at the junction 
of some sands and overlying boulder clay, embedded partly 
in each. Does Mr. Reid Moir seriously mean to contend 
that so fragile a thing as a human skeleton could remain 
closely articulated and unbroken whilst the glacier which 
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the shapeless fragments gathered by L’Abb6 Bourgois 
and the followers of his teaching. 


Note. 

Since the greater part of the above paper was written 
I have seen the excellent paper by Mr. F. N. Haward on 
“The Chipping of Flint by Natural Agencies” in the 
Proceedings of the East Anglia Prehistoric Society, which 
is remarkable for its common-sense standpoint. Our 
conclusions and methods of attack are similar. 
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DESCRIPTION OF PLATES. 

Description of four flints similar to those described by Sir 
E. Ray Lankesteras Rostro-carinate implements. All aie derived 
from the High Level gravels of Hackney Down, North London, 
and are associated with implements of exactly similar material 
and patination of ordinary Chellian type. 

a . Hackney Gravels. O. 1872. Manchester Museum. 

A large flint partly honey-colouied and translucent, the lower 
surface stained a bright yellow orange, fine lustrous patina. 

Ve?itral surface formed by one laige conchoidal fracture with 
the anterioi part removed by another conchoidal surface less 
stained and patinated and hence a later date The left edge is 
removed by a narrow longitudinal flake. 

Dorsal surface with a high keel running posteriorly into a 
patch of original surface. 

Right side formed by one large flat fracture surface cut into 
by a conchoidal fracture starting from the lower edge. 

Left side also formed by a single surface, the lower ed 
being removed by the flake described above. 

Beak rounded and formed by five small flakes. 

All edges and angles battered. 

Fl ; nt teiminated behind by one fracture surface. 

Compare with Phil. 2 runs., B., vol. 202, p. 303, figs. 12 
and 13. 

/ 3 . Hackney Gravels. O. 1874. M. M. 

A medium-sized ocherous flint. 

Ventral surface flat, not formed by any definite fractures, 
but not original crust. 

Dorsal surface vaulted, with a keel anteriorly ; left posterior 
region formed by natural crust, the rest by indefinite fractures. 

Right side near the beak formed by one small conchoidal 
fracture. 

Left side formed by two conchoidal fractures and numerous 
secondary flakes. 

All edges and corners much battered > 
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7. Hackney. O. 1875. M. M. 

A small flint of grayish colour, considerable patination and 
no staining 

Ventral surface flat, formed by the natural surface of the 
flint, except for a minute chip under the beak. 

Dorsal surfaee with a pronounced median ridge, which is 
rounded. 

Ri^ht surface formed by a single fracture, shewing no 
primary bulb of percussion. 

Left surface formed by a single fracture, modified by three 
subsidiary flakes, with bulbs of percussion at the lower edge. 

Beak formed by one small flake on the top side and a small 
fracture oft the dorsal surface. 

Point and edges battered. 

</. Phil. Trans ., B., vol. 202, p. 302, figs. 10, rr. 

Hackney. O. 1873. M. M. 

A large flint of grayish brown colour and considerable 
polish. 

Ventral surface formed by an irregular natural surface pos- 
teriorly, by two smooth flat fractuie surfaces anteriorly. 

Dorsal surjace largely formed by original crust, one large 
flake in the middle and several posteriorly, a small flake across 
the beak. 

Right surface formed by two large flakes. 

Left surface. One large fracture and a small anterior chip 
forming the beak. 

Beak and all other edges rounded and battered. 

cf . Phil . T/ans. f B., vol. 202, p. 308, figs. 20, 21. 
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VIII. The Structure and Life History of Leptosphceria 
Lemanecc (Cohn). 

By William B. Brierley, M.Sc., 

Assn/ant lutinei in Economic Botany and Demonstrator tit Botany 
in the Umvet sity of Atau Chester, 

(Bead lu binary 4th , 19*3* Deceived for Publication 
February 15th, 1913.) 


History. 

Leptosphceria Leinancte (Cohn), a Pyrenomycete in- 
habiting sexual shoots of Lemanea fluviatilis was 
discovered by Wartmanu (17) in 1854. 

In 1856 Montagne (II) published his Sylloge C'rypto- 
gamaruin, but from this the fungus was omitted. 

Cohn (4) in 1857 briefly described it under the name 
Sphrfti in Lemancce , and stated it to be peculiar to its algal 
host, lie again refeired to it two years later. 

Beketoff (2) mentioned it in 1862, but it was only with 
the publication of Woronin’s (7) investigations in 1870 
that knowledge of its structure and life-history became 
known. 

In 1 887 De Bary (8) questioned Woronin s interpre- 
tation of the reproductive structures of this fungus. 

In the same year Rabenhorst’s (13) Cryptogamen 
Flora, Pilze Abt. II., appeared, and in this Spkceria 
Lemanete was placed in the genus Leptosphceria , following 
Saccardo (14). Lindau (10) retained it in this position in 
Die Natiirlichen Pflanzenfamilien of 1897. 

In 1901 Lemraermarm (9) published a compilation of 
fungi parasitic or saprophytic upon Algae, but from this 
Leptosphceria Limanecn was omitted. 


June 30th % 1913. 
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Overton (12) in 1906 and Stone (16) in J912 have 
quoted Woronin in their publications. 

The principal features of my investigation of Leptos- 
pheeria Lcmanecc were completed before I had seen 
Woronin’s account, and with slight additions confirm his 
results. 

Host Plant 

Lemanca is an exclusively freshwater genus belonging 
to the group Nemalionales of the Rhodoplyce^e, and grows 
in tufts attached to submerged rocks in flowing water. 

The structure of the sexual shoots, important to an 
understanding of the morphology of the fungus, is well 
known (Sirodot (15), Atkinson (1)), but may be sum- 
marised here. '1 he thallus is cylindrical and hollow, and 
from apex to base runs an axial row of tubular cells, the 
“ Zcntralfaden.” At moie or less regular intervals this is 
connected by a whorl of four ray cells to longitudinally 
running generative filaments closely applied to the inner 
surface of the thallus. Arising from these filaments, and 
penetrating through the cortex to the periphery, are the 
procarpia. Each of these, after fertilisation, gives rise to 
ooblastema filaments, from which are budded off carpo- 
spores, which radiate into or almost fill the lumen. 

The tissue is somewhat cartilaginous and composed 
of three zones of cells — a peripheral layer of small, very 
closely set prismatic cells, containing rhromatophores ; 
a middle layer of larger polyhedral cells; a medullary 
layer of large rounded cells. Mucilage fills the inter- 
cellular spaces, surrounds the shoot, and thickly lines or 
fills the lumen. At more or less regular intervals on the 
surface of the thallus, and bearing relation to the ray 
cells, are the antheridial whorls. (See Text-fig. 4 for a 
transverse section of the Lemanea shoot.) 
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Mkthod. 

Killing and fixing reagents used were weak Flemming’s 
solution, and Chromo-Acetic acid (Schaffner’s formula) 
The material was taken tlnough ten per cent, glycerine 
to absolute alcohol, cleared in chloioform, and embedded 
in wax with a melting point of 54°C. Microtome sections 
were cut varying from 2-8 /u in thickness. The stain 
found to give best results was Ileidenhain’s iron hema- 
toxylin with bismaik brown, light green or erythrosin as a 
counterstain Many observations were made upon thickly 
cut hand sections and macerations of fresh and preserved 
material. 

Mycelium 

Woionin describes the mycelium of Lcplosphccna 
Lemanccv as being “strongly developed in the hollow 
cential portion of the thallus, but extending into the 
parenchymatous tissue where fructification occurs For 
the most pait the tissue is only affected between the 
cells. The hyphae are fairly fine, delicate, hyaline, and 
possess numeious cross walls. Their branchings are very 
irregular, and at points of contact fusion not infrequently 
occurs.” 

This description is in accord with my observations, 
but the mycelium perhaps merits a fuller treatment. 

The hyphae within the cylinder of the host run in a 
generally longitudinal direction and are more or less 
confined to the thick layer of mucilage lining the lumen. 
Frequently, however, strands are applied about the axial 
filament. These hyphae shew two forms. The one 
consists of fine, much-branched threads, which by fusion 
at points of contact and by bridge connections, form an 
anastomosing cylindrical network ; the other of fewer, 
stouter threads, little branched, and usually pursuing a 
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somewhat straight course for some distance. ( Pi. \. y Fig. i.) 
The individual cells are regular, colourless and uninucleate. 
Frequently the contents appear finely granular, and occa- 
sionally minute, highly refractive substances are present. 
Arising as branches from this lumen mycelium, and as 
secondary hypha* from the pcrithecia, is a weft of threads 
which spreads very extensively in an intercellular manner, 
principally through the middle and medullary layers of 
the host tissue. It is from this portion of the mycelium 
that the fruiting bodies take origin. Branches from the 
intercellular hypha: and occasionally directly from the 
hypha* of the lumen enter the host celN. The protoplasm 
of Lemanea cells is spread in a thin peripheral layer about 
a large central vacuole and the fungal haustoria usually 
directly enter the latter, within which they freely branch. 
(PL /., Fig. 2.) Not infrequently the haustoria appear to 
enter the protoplasm. (PL 1 . , Fig. 3.) 

Lcmanea cells arc connected by minute pits, the proto- 
plasmic connection being severed by the middle lamella. 
These pits afford points of entry to the haustoria, but the 
latter also directly penetrate the cell walls in the absence 
of pits. 

The mycelium of Leptosphcoria l.emanece exhibits 
hyphal dilations, terminally or in an intercalary position. 
Not infrequently a dumbbell-shaped structure is formed 
by dilation of a hypha immediately external and internal 
to a cell wall. (PL /., Fig. 4.) These hyphal swellings 
may or may not be cut off by septa, and usually contain 
somewhat denser and more refractive contents. 

In many cases, as Woronin noted, a vacuole may be 
present. 

Reproduction. 

Woronin remarks that “in addition to the perithecia 
no other reproductive organs have been found in Spkceria 



Manchester Memoirs , Vol. Ivii. (1913), No. 8. 5 

Lemanecu . There are, however, signs of the production of 
structures which may he undeveloped perithecia or dis- 
organised pycnidia.” The genus Leptosphccria is stated 
to be “rich in all forms of conidia” (10). 

Pycnidia have been described by Cotton (5; in the 
marine form L. chondri , and they are known in terrestrial 
species of the genus. In L. Lemanece 1 have found 
neither conidia nor pycnidia, and it is probable that the 
structures noted by Woronin were immature perithecia as 
suggested. 

A summary of Woronin’s account of the development 
of the pcrithecium may be given : — “ A hypha swells at 
its tip and the globular termination is cut off by a wall. 
A dilated hypha from the same mycelium applies itself 
to this archicarp. The next stage of development was 
not seen, but from analogy with Erysiphe, Pezizea.* and 
Ascoboli (6), ( 7 ), it was inferred that the club-shaped 
hypha is cut off by a wall, and that by continued growth 
and repeated branching the entwining hypha: finally form 
a mass of tissue completely enclosing the globular ter- 
minal cell or archicarp. The tissue early develops, the 
walls cells becoming polyhedral by pressure, and assuming 
a brown coloration. The internal tissue of indistinct 
small cells forms the so-called perithccium nucleus, which 
later develops into asci. Paraplyses are absent.” 

De Bary (8) remarks of this — “incipient sporocarps 
or archicarps, of doubtful character, and requiring a fresh 
examination, have been assigned by Woronin to Sph curia 
Lemanece." 

In macerations it was found, though rarely, that two 
hypha: were applied to one another, and that adjoining 
slightly dilated cells terminal or intercalary, or terminal 
with intercalary, shewed the appearance of fusion. 
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In such cases one cell was apparently devoid of 
nucleus, whilst the contiguous cell contained two nuclei 
or a single nucleus of about twice the normal size. 
(Text-fig, 1, 1—5.) 

Microtome sections shewed in intercellular positions 
hyphal dilations containing two nuclei (PL /, Fig. 5), 
and in cases where the adjoining cells could be distin- 
guished there was good reason to think that fusion had 
occurred. (Pl. /., Fig. 6.) Not infiequently such intercel- 
lular hyphal swellings contained a single nucleus of about 
twice the normal size. (PL /., Fig 7.) 

Woronin did not assert a fusion of the structures he 
described although his Fig. 3 would indicate that such 
had taken place. 1 1 is archicarp and applied hypha are 
exactly paralleled by mycelial dilations of purely somatic 
value, and from my study of this form I find it difficult to 
believe that the former are of reproductive character. 
The lower portion of his Fig. 5 shews a fusion resembling 
more nearly those I have seen — fusions which bear marked 
likeness to those described for Pleospora heibarum by 
Cavara and Mollica (3). 

From immediately adjoining cells arise fine hyphal 
branches, which apply themselves closely about the central 
cell or ascogonium. In macerations this appears as a 
few closely entwined hyphae (Text fig. 1., 6 — 9), whilst 
in microtome sections a large, more deeply stained uni- 
nucleate cell is seen, surrounded by smaller cells. (PL /, 
Figs. 8 — 10.) The enveloping hypha? increase in size and 
number, enclosing the ascogonium, until a small spherical 
lenticular mass is formed. 

The fusion nucleus divides (PL /., Fig. 11), and the 
ascogonium septates into a number of multinucleate cells 
( 7 V. /., Fig. 12), from which arise ascogenous hyphze. 
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These branch freely and very irregularly in the perithecial 
tissues, and the nuclei pass into them in pairs. (PI. /., 
Figs. 13, 14.) 

Walls are laid down, and from apparently any of the 
binucleate cells thus formed asci may arise. * (PI. /., 
Figs. 13, 14.) 

The binucleate stage of the ascus lasts for a short 
time only, the nuclei rapidly fusing. 

During this development of the asci the enveloping 
hyphct have continued to grow, and the necessary space 
is gained by the pressure apart and degeneration of the 
host cells in contact with the ascocarp. There is usually 
early differentiation of the surrounding tissues, the wall 
layer becoming apparent as consisting of somewhat 
elongated and flattened polyhedral-shaped peripheral cells, 
from which intercellular hyphre and haustoria arise. 
These cells are especially active in growth, and remain 
thin-walled until the perithecium is nearly mature. 
Immediately internal aie a few layers of firm, thin-walled 
tissue, whilst centrally, amidst which the ascogenous 
elements lie, are very delicate cells. The component^ of 
this sterile perithecial tissue are somewhat flattened and 
polygonal in shape and constantly uninucleate. They do 
not hold stain, and stand in contrast to the more deeply 
stained multinucleate ascogenous elements (Pi. /., Fig . 
12), (PI. //., Fig. 16.) 

The asci develop rapidly and soon appear as swollen 
oblong sac-like bodies, flattened by pressure in their 

For a discussion of the interest of such paired nuclei see — 

J. H. Faull, “Cytology of Laboulbema (hirtophora^wCi A. yrmidarmn " 
Anns. Hot., XXVI. 1912. 

* For a different interpretation of this and the similar cases described 
by Faull (“Development of the Ascus and Spore Formation in Ascomy- 
cctesi 9 Proc. Boston Sot. Nat. Nisi., 32, 1905), see Brown (“The 
Development of the Ascocarp of Lrottia. ” Bat. 0 'pz., 50, 1910). 
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middle regions, and with the sterile cells pressing in 
between their ends. The surrounding delicate thin- 
walled tissue subsequently becomes collapsed and devoid 
of contents, suggesting that it has functioned as nutriment 
to the developing asci. 

Very young fruiting bodies are more or less globular 
in form, the fertile elements occupying the centre. Later 
growth is not equally centrifugal, the development being 
greater toward the host periphery than toward the lumen. 
{PI. IL , Figs. 1 6 — 18.) The result is a pear-shaped 
structure, the tapering mass of tissue occupying the 
position of the pcrithecial neck. When the ascocarp has 
reached its mature size the wall layer becomes pigmented 
and the cells slightly thickened at their angles. {PL 7 ., 
Fig. 15.) T his does not extend over the distal surface 
of the neck or ostiolar pad of tissue, but around it the 
pigmentation and thickening are present in slightly in- 
creased amount. The ostiole or canal is finally formed 
by the degeneration of this pad of sterile thin-walled 
tissue. 

Woronin described the mature perithecium as follows : 
“ A fully grown normally developed perithecium attains a 
size of about 05 mm., and has a rounded barrel or club- 
shaped form. The entire perithecium is sunken in the 
Lemanea thallus, only the ostiole appearing through the 
cortical layer of the parenchymatous tissue of the alga. 
The walls of the perithecium consist at the sides and the 
apex of one or two layers of polygonal cells, with dark 
brown coloration. On the base of the perithecium, 
internal to the brown coat, is a delicate fine-celled paren- 
chymatous tissue, whose elements are arranged in three 
to five irregular layers. This is the so-called hymenial 
layer, from which the asci, formed from the perithecium 
nucleus, arise.” 
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To this concise and accurate description I can add 
little. 

The perithecia occupy the radial thickness of the 
host tissue, and, although not infrequently contained 
within a single medullary cell, more usually occupy two 
or more. ( Text-fig . 4.) Toward the attenuated ends of 
the Lemanea shoot the cells are smaller, and here the 
perithecia, apparently of constantly slightly greater size 
(*o6-‘ 07 mm.), occupy part or the whole of the lumen. 
Two or three perithecia often develop in contiguity, and 
in such cases the pcrithecial wall frequently remains 
undeveloped at the point of contact. The lesultis a large 
compound perithecium, opening by the several ostioles. 
Very rarely instances ’may be found in which the peri- 
thecia shew reversed orientation, that is, the bulbous base 
is toward the periphery of the shoot. In such cases the 
ostiole is undeveloped, and the asci which are directed to 
the lumen do not dehisce, the spores germinating in situ. 
In the so-called hymenial layer of the fruiting body asco- 
genous hyphae, usually containing paired nuclei, may be 
seen. {PI. /., Fig. 15.) These continually develop, so that 
various stages in ascus growth from binucleate dilated 
tips to mature asci are to be found within the same peri- 
thecium. The younger asci are situated principally at 
the periphery, and development proceeds in a centripetal 
direction. The most careful examination of the nuclei 
failed to reveal the nuclear membrane, and all that could 
be seen was the prominent nucleolus, usually surrounded 
by a clear area of protoplasm. Uninucleate asci of 
different sizes and asci containing spores in various stages 
of development are numerous, indicating that these stages 
last for some considerable period of time. 

YVoronin describes briefly “the division of the nucleus, 
which is usually in the middle of the sac, into eight, the 
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surrounding of each by an ill-defined protoplasmic area 
and the subsequent formation of a definite wall, the 
division of each spore into two, and each daughter cell 
again into two, resulting in a spore with four cells 
arranged in a row, and each cell possessing a clearly 
defined nucleus." 

9 

The divisions within the ascus occur simultaneously 
and rapidly, but the minuteness of the nuclei rendered 
unsuccessful attempts to observe the mechanism of 
division. 

The mature asci are shortly stalked or sessile club- 
shaped sacs filled at maturity by the eight fusiform or 
spindle-shaped perfectly hyaline spores. The spores are 
described as brownish, and hyaline only when young (13). 
A large number of spores in all stages of development 
and germination have passed under observation, and in 
no case has coloration been seen. 


Sl’UKK Ejkoiox. 

The process of dehiscence fully described by Woronin 
is by successive spore ejection, a method not uncommon 
in the Pyrenomycetes, and particularly the Sphauiaceae. 
“ The ascus is double contoured, the two membranes 
having different osmotic values. The outer tears at its 
apex, and the contents enclosed by the inner pellicle, 
which is attached at its base to the outer envelope, 
immediately expand to two and a half to three times 
their original size. The inner pellicle swells immediately 
by absorbtion of water, and the spores along with a little 
unused protoplasm are successively ejected with some 
impetus through an apical pore. The elongation brings 
the tip of the ascus to the ostiole, and so enables the 
spores of the fungus to be dispersed." 
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Wororiin states that the whole process occurs almost 
instantaneously, but I have observed that the time 
elapsing between the first and final stages of ejection 
may vary fiom a few seconds to forty-eight hours. In 
cases where a lengthy period intervened, the spores were 
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I — 3 Asri after rupture of outer envelope, containing 

immature spores in extended inner pellicle. 

4 A-scus after final dehiscence 

5 Transverse rupture of ascus 

6 Ascus after simultaneous rupture of inner and outer 

envelopes. 

7 -8. Spore germinating in ascus neck 

X7S°. 
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frequently immature on rupture of the outer membrane, 
and their maturation took place within the extended 
inner pellicle prior to final dehiscence. ( Text-fig . 2, 
1—4.) 

Woronin states that sometimes the internal pressure 
is so great that the inner envelope is split transversely, 
the tip being thrown off as a small cap (Miitzchen oder 
Fingerhut). ( Text-fig . 2, 5.) This occurred twice only 
in my observations. 

Asci delicately isolated in a drop of water shew very 
readily the above types of dehiscence, and also a method 
not mentioned by Woronin — simultaneous ejection. The 
internal pressure ruptures the inner and outer envelopes 
simultaneously at the tip, and the spores, given a slightly 
rotatory movement by their somewhat spiral arrangement 
within the ascus, and their fusiform shape, are ejected 
with great rapidity and some degree of violence. At the 
same moment the internal membrane swells so quickly 
that a spore is frequently caught in the ascus neck, there 
to germinate. ( Text-fig . 2, 6 — 8 ) This method of 
dehiscence may be due to differences in tension and 
strain induced by the mechanical isolation of the asci ; 
but in perithecia, asci may not infrequently be seen in 
which a spore is germinating in the neck. In a large 
number of cases the spores are not ejected, but germinate 
in situ / and old perithecia may often be found completely 
filled by germinating spores. 

Spore Germination. 

Woronin paid considerable attention to germination 
studies, infecting healthy filaments in a watch glass, by 
allowing spores to fall upon them from Lemanea con- 
taining mature perithecia. Germination occurred in from 
two to three hours, the hyphae arising always from the 
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end cells of the spore. The infection was observed, but 
cultures could not be retained alive for a longer period 
than two weeks. 

Dehisced spores are abundant on Lemanea shoots in 
the vicinity of perithecia, and by careful maceration the 
manner of infection may readily be seen. For more care- 



1. Infecting hypha shewing appressoriatn and intercellular 

mode of entry. 

2. Spores germinating in ascus. 

3- Spore germination in beerwort. 

4. Spore germination in peptone. 

x 75°. 

ful examination, however, infection was brought about by 
a method similar in principle to that used by Woronin, 
but giving more exact and controllable conditions. The 
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infecting hypha figured by Woronin i*> penetrating a 
cortical cell ; whilst all the cases I examined shewed that 
the infection occurred in an intercellular manner, and 
a slight dilation or appressorium is present where the 
germ tube comes into contact with the host. ( Text - 
fig- 3 . !•) 

Attempts were made by placing cultures under 
simulated natural conditions to prolong their life, but 
three weeks was the maximum period for which they 
could be retained. 

A large series of hanging drop cultures were made. 

In distilled, sterilised and tap water the spores gave a 
small amount of long, attenuated hyaline mycelium, with 
little protoplasmic contents and few walls. The spores 
became emptied of matter and the walls appeared to 
become thinner, llyphal dilations were present in the 
mycelium, ami death ensued after seven to ten days. 

In various nutrient media the cultures were more 
successful. Dehisced spores, mature asci with spores 
in situ, asci with two and one-celled spores, and even asci 
with undifferentiated contents readily germinated. ( Text - 

fig 3. 2 .) 

Beerwort cultures gave a curious initial growth of 
stout, irregular, much-branched hyph;e, with short rounded 
cells and tapering hyphal tips The later growth was 
more regular. (Text-Jig. 3, 3.) 

A similar type of giovvth was obtained upon bean and 
prune decoctions. 

Attempts to obtain decoctions of Lemanea shoot weie 
unsuccessful. 

Peptone cultures developed a regular freely-branched 
mycelium of vigorous growth, with frequent hyphal 
dilations. ( Text-Jig . 3, 4.) 
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In all cases a dense weft of mycelium, thinning out 
to the edges, was ultimately obtained. 

Entire perithecia which were placed in hanging drops 
of culture medium, gave rise to secondary hyphae, but no 
spores were ejected ; and on subsequently opening the 
fruiting bodies the contents of the asci were found to have 
germinated in situ. 

Cultures in various states of development and vigour 
were placed under different conditions of temperature, 
light, and food supply, but sexual reproduction could not 
be induced. 

A large series of experiments were carried out, using 
a refinement of Woronin’s method, and that of hanging 
drops, in attempting to infect aquatic plants other than 
Leinanea . Hosts supplied were Oedogonium , Vauchcria , 
Spirogyra , Cladophora , Char a, Nit ell a, Ricci a, Fontinalis 
E/odea , Myriophyllum , and Ccratophylium The attempts 
were unsuccessful. 

Distribution. 

From the fact that infected Lemanea has been collected 
during nine months of the year, and in each case all 
stages of perithecial development and mature spores have 
been present, it would appear that L . Ltmanece does not 
shew seasonal periodicity in cither vegetative or repro- 
ductive development. 

The fungus has been found upon Leinanea torulosa 
and 1^. catenata, as well as L. fuviaiilis, and appears to 
be not uncommon wherever the alga grows profusely. 

Pathological Effects. 

Externally the Lemanea shows little appearance of 
disease, the rich deep green colour of the thallus giving 
place only to a slightly olivaceous hue. Usually the more 
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mature filaments are attacked, and the diseased region 
may extend from apex to base, the fungus being visible 
to the naked eye as minute dark brown specks scattered 
irregularly in the tissue. The presence of hyphae and 
fruiting bodies does not usually disturb the general 


* 9 



Fu;. 4. 

Tiansverse section of infected / tmanca shoot, shewing the 
relative size and position of the fungus fruiting body. 

The carpospores of the host have developed normally, hut 
the subsequent giowth of the perithecium has 
desUoyed the oobla-stema filaments and piocaip. 
x 187. 

anatomical relations of the host plant In many instances 
the perithecia develop in or about the procarp and its 
attendant structures. 

If this occurs prior to carposporic development the 
latter may be seriously affected or even suppressed ; but 
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if subsequently, the spores are usually present in normal 
abundance ( Text-fig. 4.) 

Infected filaments not infrequently appear to contain 
an abnormal amount of mucilage, and it is interesting to 
note that the fungal mycelium apparently flourishes most 
vigorously in this substance. The prismatic cortical cells 
appear to be little affected. In sectional view the differ- 
ence between healthy and diseased Lemanea shoots is 
striking 1 he former shew middle and mcdullaiy layer 
cells, with clearly defined walls, and contents consisting of 
a large central vacuole, a small amount of protoplasm 
spread thinly around the periphery, and a laige nucleus. 
The latter contains a large, prominent, compact, centrally 
placed and deeply staining nucleolus, which may be homo- 
geneous, contain one or two vacuoles, or one to foui 
deeply staining granules — " nucleolini ” {PI. //, L?g 19) 
In diseased tissue mucilaginous degeneiation of the walls 
occurs, and in many cases it is difficult to determine their 
boundaiies The fungal haustoria not infiequently appear 
to apply themselves to the nucleus, which loses its ovoidal 
form. The nucleolus and nuclear membrane disappear 
and simultaneously the cell protoplasm degenerates. {PL 
//., Figs. 20 — 22.) No instance has been discovered in 
which a cell invaded by haustoiia has possessed a normal 
nucleus, and in the majority of cases little or no trace 
c f it remains Not all the cells which are affected or 
killed, however, contain haustoria, and on the othtr hand 
apparently perfectly normal cells are occasionally present 
in the midst of affected tissue 

Systematic Position. 

The correctness of the accepted systematic position 
of the fungus may be questioned. It is included under 
Lefitostlueria, a genus in the Pleosporaceae (10), (13), (14). 



Manchester Memoirs , Vo l Ivii . (1913), A 7 >. 8 . 19 

This family is characterised by the presence of paraphyses, 
the ‘ looseness ’ of the asci from one another, and the 
freedom of the perithecium in its later stages ; the genus 
by its yellow to dark brown four-celled spores. 

Lfptosphceria Lemanece , as noted by Woronin, does 
not possess paraphyses, its asci ‘ arise together,’ and the 
perithecium never becomes free ; whilst its spores are 
hyaline. 

The characters cited would more correctly appear to 
refer the fungus to the family Mycosphrcrellaceai, and the 
group of genera — Pharcidia and Splnvrulina . 

I wish to thank Professor Weiss and Professor Lang 
for the help they have given me in this investigation. 
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PLATE I. 

Fig. i. — Mycelium from the lumen of the host shewing the two 
types of hyphae. x 750. 

Fig. 2. — Haustorium branching in the vacuole of a generative 
filament cell. The cell contents have degenerated, 
x 1,000. 

Fig. 3. — Haustorium penetrating the cell protoplasm and send- 
ing a branch into the vacuole. Traces of the cell 
nucleus still remain. x i,ooo. 

Fig. 4. — Hyphal dilations shewing a dumbbell-shaped appear- 
ance. x 1,000. 

Fig. 5. — Intercellular hyphal dilations containing two nuclei, 
x 2,000. 

Fig. 6. — Conjugation of a terminal with an intercalary cell, 
x 3,000. 

Fig. 7. — Dilation containing a nucleus of twice the normal size, 
x 2,000. 

Figs. 8, 9, 10. — Uninucleate ascogonia clothed by finer hyphae. 
x 2,000. 

J'ig. 11. — The ascogonium after the first nuclear division, 
x 2,000. 

Fig. 12 . — The division of the ascogonium into multinucleate 
cells. x 2,000. 

Figs. 13, 14. — Ascogenous hyphae shewing asci arising from the 
binucleate cells, x 3,000. 

Fig. 15. — Portion of the base of a mature perithecium shewing 
the pigmented wall cells, the sterile tissue, asco- 
genous hyphae cut across in various directions, and a 
uninucleate ascus. x 3,000. 
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IX. On some abnormal specimens of Dictyota dichotoma. 

By H. S. Holden, M.Sc., F.L.S. 

(. Lecturer in Botany , University College , Nottingham). 

( Communicated by Professor F. E. Weiss, D.Sc., F.L.S ) 

{Read A Jay 6th, rgry Received for publication , June 31 d, igry ) 

It has long been a matter of common knowledge that 
many marine algae are characterised by the fact that their 
sexual and asexual reproductive organs are normally 
borne on separate plants, this being a specially noticeable 
feature in the higher members of the Rhodophyceae 
{eg. the Cohorts Gtga? finales, R hodymeniales a n cl Crypto - 
nemiales) and in the Ectocarpaceoe, Cutleriacecr and Dictyo- 
tacece among the Brown Algae. The Cutleriacece alone, 
of the forms referred to above, show any differences in 
the vegetative structure of the sexual and asexual plants : 
in the remainder the two are, to all appearances, identical. 

With the advent of modern cultural methods of study 
algologists have been able to demonstrate that in many 
of these algae there is a fixed alternation of sexual and 
asexual plants, the fertilised egg on germination producing 
an asexual plant, the spores of which, in turn, give rise 
again to a new series of sexual plants, thus affording a 
close parallel to the conditions obtaining in the Bryophyta 
and Pteridophyta. Furthermore, this alternation of genera- 
tions is accompanied by characteristic nuclear phenomena, 
the nuclei of the cells of the sexual plant, including both 
ova and sperms, containing the haploid ( n ) number of 
chromosomes, whilst those of the asexual plant possess 
the diploid (2H) number. The nuclei of the spore-mother 
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cells, however, undergo meiotic division, this lesulting in 
a halving of the chromosome numbei and the consequent 
restoration of the haploid condition in the next generation. 
The precision with which these changes noimally occur 
natuially invests any abnormalities with a peculiar interest, 
and it is with a recoid of this kind that the present paper 
is concerned. 

During the examination of some preseived mateiial 
of Dutyota duhotoma with a view to the preparation of 
sections for a senior class, two abnormal specimens weie 
discovered, in which the thallus bore not only well- 



/ y ? s r l. Section acioss thallus of Dutyota duhotoma , showing 
the \ resence of oogonia and tetraspores 

developed oogonial “son,” but also scattered sporangia 
in various stages of development. 

The material was carefully sectioned, but was not 
sufficiently well pteseived to obtain the cytological 
evidence necessary to settle the various points raised. 
Future investigation of similar material, with more 
adequate cytological preservation, will show whether the 
thallus bearing these two kinds of reproductive organs is 
haploul or diploid in character. 
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Should the foimer be the case it is probable that the 
tetraspores are formed without the mother-cell nucleus 
undergoing meiosis* In the latter case the egg-cells 
may possibly develop apogamously, producing a second 
successive diploid generation 

Lloyd Williams (4) has recoided a feeble apoga- 
mous development of the noimal oospheres in Dictvota 
dichotoma , (and subsequently (5) in llahscris ), accom- 
panied by pathological nuclear phenomena, and he states 

— Diploid Plants-*- — — , 
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2 Dugiam illustrating life cycle if parent be legarded as 
haploid. 

* This condition would ofler a partial analogy to the case of the abnor 
mal megaspores of Mai ulta Drummondn , which are produced without 
meiosis In Mmstha , however, the spores are not haploid but diploid 
(Bower, (2)). 
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that “ after a few divisions the germlings invariably died. 
In a previous paper (Lloyd Williams, (3)) the same 
author has also recorded various abnormalities in tetra- 
sporic plants, among which he refers to the direct germina- 
tion of the tetraspore mother -cell to form a small mass of 
parenchyma. This may subsequently “develop an apical 
cell and grow out into an elongated germling-like branch, 

and may remain alive when the rest of the thallus has 

decayed.” Further on in the same paper he states that, 
as far as his observations go, “ this mode of cell-multipiica- 



3 Section anov* thallus of Dutyota diihotoma y showing 
antheruhal ‘ sort 5 and tctrasporangia in vanous stages 
of development The contents of one antheridium 
are indicated diagrammatically, the scale being too 
small to shov\ detail 


tion never follows the reduction division.” It would thus 
appear that the nucleus of the tetraspore mother-cell does 
not invariably undergo meiotic division, but may give rise 
to a sort of diploid gemma-like shoot. 

In the case under consideiation there is, however, a 
certain amount of indirect evidence which tends to show 
that the parent plants were haploid and consequently that 
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M the tetraspores were produced without chromosome 
reduction, and, if functional, would give rise to a second 
haploid generation. (Vide Fig. 2.) 

This evidence was in part provided by a further 
supply of material from Plymouth, which, besides con- 
taining another plant with oogonial “sori” and tetra- 
spores, also furnished four specimens in which ant/ieruha 
and tetraspores were associated on the same thallus 
(Fig. 3). The very fact of the existence of antheridial 
material, and also its association with that providing 
oogonia, seems to suggest that the sexual organs functioned 
normally. 

This view also receives some support from the occur- 
rence of similar abnormalities in the Florideaj. I have 
observed both tetraspores and antheridia, and tetraspores 
and all stages of cystocarpic development on the same 
plant of Polysiphonia fastigiata and on a species of 
Ciramunn ,* so that here at least the sexual organs arc 
obviously functional. 

Similar cases arc recorded by Yamanouchi (6) as 
occasionally occurring in Polysiphonia vto/acea, and he 
suggests that the four cells derived from the tetraspore 
mother-cell behave as monospores ; in other words, the 
nucleus of the mother-cell, being haploid, does not undergo 
meiotic division, but produces a second series of haploid 
daughter plants. He thus adopts the view stated here as 
the most probable for Dictyota . Harvey-Gibson (2), in 
a short paper dealing chiefly with additions to the list of 
marine algre in the L. M. B. C. area, also refers to similar 
abnormalities in Ectocarpus confetvoides among the Phaeo- 
phyceae, and in Chylocladia kali for mis, Callithamnion 
baileyi \ Spermothamnion turneri and a number of other 
Florideae, and states that among the plants of Polysiphonia 

* These were glycerine-jelly mounts of material collected at Abeiystwyth. 
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violacea collected by him at Port Erin the production of 
sexual and asexual reproductive organs upon the same 
plant is by no means rare. 

1 understand that the cytology of these forms is at 
present being studied in the Hartley Botanical Labora- 
tories, Liverpool, so that v\e may hope, in the near future, 
for a definite solution of the fascinating problems laised 
by their occurrence. 
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X. The Variation of Planorbi r multiformis , Bronn. 
By George Hickling, D.Sc., F.G.S., 

Let. finer in Paleontology in the University of Manchester. 


{Read Mart h igth , igi2. Received for publication June 3rd , /<?/j>.) 


Among a collection of fossils which recently came 
into my possession was a mass of shell-limestone com- 
posed mainly of shells of the above-named species. The 
source of the material was unfortunately not recorded. 
Upwards of five hundred shells of the Planorbis had 
fallen free from the matrix, most of the individuals being 
indistinguishable from the various forms from the Miocene 
of Steinheim, so amply figured by Hyatt. (“The Genesis 
of the Tertiary Species of Planorbis at Steinheim.” Anni- 
versary Mems., Boston Nat. Hist. Soc., 1880.) In some 
individuals the spire attains a still greater height than in 
any of Hyatt’s examples. 

The occurrence of all the specimens here considered 
in a single lump of material naturally raised the question 
whether they were all referable to a single species. If 
the photographs of the accompanying plates are com- 
pared with those of Hyatt’s plate 9, it will be seen that 
the shells now described include representatives of several 
of Hyatt’s species and sub-species, some of which are 
stated to be confined in the Steinheim deposits to distinct 
horizons. In my own material it was readily noticeable 
that forms with moderate spires were abundant, while 
extreme forms — ie., those which were flat and those which 
had high spires — were rare. This would obviously be the 
case if we were dealing with an example of extreme con- 
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tinuous variation of a single species. On the contrary, if 
several species or sub-species were present, there would 
be no reason why the various types should be represented 
in any definite proportion. It therefore appeared desirable 
to ascertain exactly the relative numbers of individuals 
of various types, since the variation-curve so obtained 
would give the most decisive possible answer to the 
question of the existence of one or more specific units. 

The problem of constructing a variation-curve is com- 
plicated by the fact that the shells vary independently in 
several characters, of which the height of the spire is 
merely the most conspicuous. The existence of these 
concomitant variations makes it almost impracticable to 
apply any system of measurement to the shells, while an 
elaborate statistical enquiry is neither necessary nor justi- 
fied by the relatively small amount of material available. 
It was therefore deemed sufficient to investigate the 
variation in the “ height-ratios ” of the shells 


(i.e., the ratio 


height of shell 
diameter of base, 


by sorting the shells in respect of this character into ten 
grades by eye-estimation. The first step was to select 
ten typical shells, differing in height as nearly as possible 
by equal amounts, to form a scale of comparison covering 
the whole range of variation. The whole of the material 
was then sorted into ten grades by comparison with this 
scale. 


The shells examined were of various stages of growth, 
and they were accordingly divided initially into three 
groups, according to size : in the smallest, the diameter of 
the base is from 0 08 to 012 inch ; in the median set, 012 
to 0*20 inch ; in the largest, 0*20 to 0*28 inch. This was 
done to facilitate both the sorting and the interpretation 
of the results. A similar type set of comparison-shells 
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was made for each of the three grades of size. Since it 
is almost impracticable, as already indicated, to obtain 
numerical values for the character here considered, the 
successive grades have merely been numbered A to J in 
order of increasing height-ratio. In the subjoined curves 
(Fig. 1) the results of this enquiry are plotted, height- 
ratios being taken as abscissae, numbers of individuals as 
ordinates. 



(=. height \ amon g individuals 
V diaineier of base/ b J 


of Planoi bis multiformis. Some of the indi- 
viduals were not full-grown. The heights 
lepresented by the letters A-J may be seen by 
leference to PI. /., Fig. 1. 

The Variation Cui'ves ; Biological unity. In Fig. 1 is 
shown the curve representing the frequency of the “height” 
character in all the shells ( 533 ) examined. The group A 
includes the “lowest” shells (those actually discoidal), 
while group J represents the “ highest ” forms. The type- 
set of shells is shown in PL /., Fig. 1. Inspection of the 
curve at once reveals the fact that the numbers of indi- 
viduals falls off very regularly as the height of the shell 
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departs from the mean . in either direction — and con- 
sidering the small number of shells dealt with, and the 
necessarily crude method by which they were sorted, the 
regularity of the curve is very striking. It is a typical 
“ continuous variation ” curve, or “ curve of error,” such as 
would represent the frequency of height or of length of 
span in man.* If the shells of different heights repre- 
sented different species, or races, or “mutants,” the chances 
against the various forms being present in the regularly 
distributed numbers in which they are actually found would 
be almost infinitely remote. On the contrary, the simple 
variations of any character in a single organic type are 
necessarily distributed in these proportions, unless dis- 
turbed by the selective action of external factors. Such 
a variation-curve is the most conclusive proof possible 
that the group of individuals from which it is derived 
belong to one indivisible organic unit, z\e. y form one species 
in the strictest sense. Systematists may apply distinctive 
names to different forms for convenience of description if 
they choose, but these divisions have no objective exist- 
ence. In passing, it may be remarked that this method 
of enquiry would afford a most satisfactory means of 
settling disputed questions of the specific unity or other- 
wise of any series of organisms. 

There appears to be one case only in which the evi- 
dence of such a curve is not conclusive. It is possible to 
get a number of related species which present exactly 
similar variations in respect of a given character, and in 
such a case the curve for that character will not be 
affected if the species are mixed. Such cases occur both 
as the result of convergence produced by a common 
environment and as the effect of parallel development 
from a common ancestry. It will be shown in the sequel 

• Certain peculiarities of the curve a/e dealt with below. 
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that the present case is certainly not of that character. 
The primary conclusion of this enquiry, therefore, is that 
the wide range of forms of Planorbis multiformis here 
described all belong to a single species in the strictest 
sense. 

Ontogeny : Variation in height with age . As already 
explained, before the shells were classified according to 


6'J-| 



2. Curve similar to Fig. i, but with the com- 
ponent individuals classified according 
to size. 

Dotted line— individuals with base diameter 
of 0*08-0*12 inch. 

broken line— individuals with base diameter 
of 012-0*20 inch. 

Continuous line = individuals with base dia- 
meter of 0*20-0*28 inch. 


height, they were divided into three groups according to 
size. The curves obtained for each of the groups separately 
are shown in Figs . 2 and 3. Fig. 3 differs from Fig. 2 
only in the fact that the curves have been slightly smoothed 
by summing the successive terms in overlapping pairs. 

For each set of shells we obtain a simple-variation 
curve, thus confirming the conclusion from the general 
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curve that we are dealing with a single species. But the 
three curves differ strikingly in the fact (most obvious in 
Fig. 3) that the maximum or “mode” of the curve is 
displaced in the direction of increasing height with each 
increase in size. In other words, throughout life, as the 
shell grows, the ratio height : diameter of base increases. 
This fact would be much more striking if it had been 
possible to construct a curve for shells less than *o8 in 
diameter, for these would fall almost entirely into classes 

too 
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F/g. 3. Curves as in /'/g. 2 > but smoothed by taking 
the sums of overlapping pairs. 

A, B and C, with the maximum in B. Unfortunately I 
had not a sufficient number of specimens so young, but 
those at my disposal clearly indicate what the result would 
be, while it is readily confirmed by an examination of the 
apical portions of the adult shells. By the last-named 
method of enquiry it may be shown that every individual 
begins life as a discoid shell — a typical Planorbis. In a 
general way, therefore, these changes in the form of the 
variation-curve as the shells increase in size is merely a 
graphic representation of the fact that the young shell is 
a discoid Planorbis which acquires a turreted character 
during growth, a change which must, without doubt, be 
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regarded as an ontogenetic recapitulation of its phylogeny. 
But it is very important to notice, first, that the change 
occurs quite gradually ; secondly, that it is continued 
throughout the adult stages. The first observation carries 
with it, as a necessary corollary, that the increasing height 
has been acquired during the past history of the species as 
a similar gradual process. There can be no question of the 
turreted form having arisen as a “mutation,” else some 
trace of the fact must be preserved in the ontogeny. The 
continuation of the changes throughout life is open to a 
variety of interpretations, but at any rate shows that there 
is no defined form to which the species attains. 

During growth, the turreted character is thus gradu- 
ally assumed by each individual, but to varying degrees, 
whereby the great variety of adult forms arises. In addi- 
tion, however, to the varying degree in which this 
character is finally expressed, there is an independent 
variation in the rate at which it is assumed by different 
individuals. That is to say, the height of the shell at a 
given stage of growth cannot be taken as a measure of 
the height to which it will attain when fully grown. This 
is best seen by taking a group of adult shells of about 
mean height (form G) and examining their apices. It is 
then found that some have a much flattened apex, due to 
the fact that the shell maintained its discoid mode of 
growth during the formation of several complete whorls. 
In other cases the apex is much “sharper” (/>., more 
conical), owing to the much earlier assumption of the 
turreted condition. Such cases are shown in PI. //., 
Figs, s A-c, 6 a, B. In Figs. 6 c, D, of the same plate 
similar variations are shown in much flatter shells. They 
occur, in fact, in shells of all heights, except purely 
discoid types, which cannot, of course, express this 
variation. 
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1 he variation in the rate of assumption of the turreted 
condition may be seen best of all by cutting the shells in 
median section. The adjoining Figs. 4 and 5 are camera- 
lucida drawings of the apical portions of two such sections 



with wide umbilicus. 



Fig. 5. Section of apex of shell of mean height, 
showing rapid assumption of turreted 
character and early narrowing of um- 
bilicus. Compare with Fig. 4. 

of shells which were of exactly the same height.* The 
contrast between the form of the young stages, at the 
completion of the third whorl, is extremely striking. 

* The shells were exactly similar to those of Pl. II., Fig. 5 a, b. Fig. 6 
is a section corresponding to PI. II., Fig. 5 c. 
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Now it is evident from a careful examination of a large 
number of specimens that shells with a conspicuously flat 
apex are rare, as are also those with a very pointed apex, 
while intermediate types are common, whence we are 
justified in the conclusion that the variation in the rate of 
assumption of the turreted character is again a continuous 
variation. 

It is, of course, obvious that this variation must be 
evident from an examination of the young shells them- 
selves, but it will be convenient to defer this enquiry 



strong carination. 

until some of the other variable characters of the shells 
have been considered. 

Variable Characters other than Height . 

(1) Carination , The shells may possess two carinae 
(i.e. y ridges running along the coils of the shell), a dorsal 
or median one, and a ventral one ; either or both may be 
absent. These carinae are usually moderately developed, 
occasionally being very strong or rarely quite absent. 
Between these limits every variety may be found, as shown 
on Pi . /., Fig. 2 A-D, E-R, I-L. They are, therefore, contin- 
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uous variations. It is shown by the figures just mentioned 
that the development of the dorsal carina is quite 
independent of the height of the shell. The ventral carina, 
however, shows a certain correlation with that character. 
It is never strongly developed in “ high ” forms. In “low” 
forms it shows the same variations as the dorsal carina. 

As regards its ontogeny, the carination exhibits three 
conditions, as follows : 

( a ) The carina may be strongly developed at an early 
stage and may remain in that condition throughout the 
growth stages. 

(/;) The carina may be strongly developed at an early 
stage and then be gradually lost. 

(c) The carina may be feebly developed at an early 
stage and may remain so throughout life. 

The significant fact, therefore, is that feebly carinate 
adults may develop from strongly carinate young, while 
the reverse appears never to occur. It may be added that 
the last whorl of an adult shell generally shows decreasing 
carination. These facts, taken together, make it fairly 
clear that this character is now in a catagenetic condition. 

The first whorl of the shell is, nevertheless, invariably 
quite smooth, showing that they have developed from a 
non-carinatc ancestor. Many individuals thus show the 
complete cycle of the growth and decay of the carination. 

(2) Involution . The extent of overlap of the succes- 
sive whorls shows well-marked, though not very extensive 
variation. In a “normal” shell the suture-line coincides 
exactly with the dorsal carina, but in other cases it may 
He a little above or a little below this line. The amount 
of variation in this respect is well shown by Pl. /., Fig. 3 
A-E. This character shows no marked relation to the 
height of the spire, the “ normal ” position of the suture 
being on the dorsal carina in all cases, while similar varia- 
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tions occur in shells which are almost discoidal, and in 
those with high spires. Not only does variation occur 
among different individuals, but considerable changes 
may take place during the growth of a single individual, 
as in the example shown in PI. /., Fig. 3 E, where the 
apical part of the shell is almost normally involute, while 
the lower portion is much less involute. Similarly, the 
apex may be sub-normally involute, while the later parts 
are normal, and so on. Marked variations of the type 
just described within the individual are relatively in- 
frequent. Another individual variation in involution is 
almost constant, namely, the terminal portion of the last 
whorl of the mature shell is nearly always somewhat 
“ turned down,” so as to be less involute than the pre- 
ceding portions. 

(3) Shoulder s ami Channelled Suture These features 
vary generally in relation with the degree of involution. 
When the involution is normal, the upper flank of each 
whorl is nearly flat, with its edge only very slightly in- 
curved where it joins the whorl above (see, eg., Pl. /., 
Fig. 3 r). In those cases in which the overlap of the 
whorls exceeds the normal, the sutural margin of the 
upper flank of each whorl is strongly incurved, producing 
a “channelled suture,” while the adjacent portion of the 
flank forms a strongly arched, prominent “shoulder” (see, 
e.g , PL /., Fig. 3 A and B). The upper flank of the whorl, 
between the shoulder and the dorsal carina, is in these 
cases slightly concave in form. On the contrary, when 
the overlap is less than normal, there is generally no 
shoulder or channelling, and the upper flank tends to be 
convex (see PL /., Fig. 3 d). The relation of these 
variations to the involution, though general, is by no 
means constant. It should be noticed that the form of 
the upper flank of each whorl is modified not only by the 
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variations in shouldering and channelling, but also by the 
degree of development of the dorsal carina. 

(4) Umbilicus. In the early stages of growth, the 
.vidth of the umbilicus varies greatly, according to the 
length of time during which any individual maintains a 
more or less discoid habit. The differences which arise 
from this cause may be readily appreciated by a compari- 
son of Figs. 4 and 5. In the adult shells there is likewise 
a general tendency for the umbilicus to become more 
narrow among shells with a high spire than among those 
of a “ lower ” form ; but, in addition to this variation with 
height, the umbilical width in the mature shells varies 
considerably as a result of the varying form of the base 
of the whorl. This latter variation, among shells of the 
same height, is shown in Pl. /, Pig. 2 A-I), though these 
shells were not selected for this purpose. It is evident 
that all the variations in umbilical width are continuous 
in character. 

(5) Aperture. The form of the cross-section of the 
whorl is affected by all the variations already noticed, and, 
in addition, the actual aperture of a completely mature 
shell may present further independent modification. The 
changes in apertural form with height are seen in PL I., 
Fig . 7. The flattest adult shells always have the 
whorls strongly quadrangular in section, corresponding 
with a strong development of both dorsal and ventral 
carinae. As the spire becomes higher, the aperture tends 
to become pear-shaped, the change in form being perfectly 
gradual. Carination always affects the form of the 
aperture, producing more or less angularity in its outline. 
When a shoulder and channelled suture is developed, the 
aperture shows a well-marked superior sinus correspond- 
ing to the shoulder. Finally, the base of the whorl varies 
considerably as regards the degree of flattening or round- 
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ing which it exhibits, and the form of the aperture varies 
accordingly. 

In addition to such modifications dependent on other 
variable characters of the shell, the terminal portion of 
the last whorl of the mature shell is frequently deflected 
in a downward direction, being at the same time slightly 
enlarged and less extensively in contact with the preceding 
whorl. The aperture is hereby increased in size and made 
less angular. In extreme cases these changes may be 
carried to the extent of a very small portion of the last 
whorl, becoming quite free and almost completely circular 
in section. It is perhaps justifiable to regard this tendency 
to an ultimate decrease in involution with increased circu- 
larity of section as a gerontic reassertion of the ancestral 
type of the shell. The important fact, however, is that, 
whatever significance may be attached to any of the 
various modifications in form of aperture, all the changes 
of this character, as of all the other characters of the shell, 
take place by insensible gradations, and so cannot be 

m3.de diagnostic of any subdivisions of the species which 

it might be desired to erect. 

Variations in the Form of the Young Shell \ By far 
the most surprising fact with regard to this remarkable 
species is the circumstance that at a very early stage of 
growth the shells assume a remarkable diversity of form, 
while these diverse young may develop into adults, which 
are almost indistinguishable as regards their later-formed 
portions. Shells no more than 1 mm. in diameter may 
appear so dissimilar that under ordinary circumstances 
they would certainly be regarded as distinct species ; yet 
they may develop into quite similar adults. Were isolated 
specimens only available for study, this would naturally 
be regarded as a case of heterogenetic homoeomorphy — 
*•*•> the diversity of the young stages would be taken as an 
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indication that the shells were the descendants of several 
distinct ancestral types, which had become similar by the 
acquisition of similar modifications. Hyatt did, in fact, 
to a limited degree, draw this conclusion, though the 
phenomenon of homceomorphy was not adequately under- 
stood at the time he wrote. Nevertheless, the explanation 
is not applicable to the present case, for, as a reference to 
PL //., Fig. 4, where a series of young forms is photo- 
graphed, will show, all the types of young pass insensibly 
into one another. In other words, the young stages 
represent, not several distinct species, but a single highly 
variable ancestral form. 

The actual variations of the young shells appear to 
be entirely due to the development, in different degrees, 
of carination. This may be completely absent (PL //., 
Fig . 4 A), giving the “ rotundatus- like young” of Hyatt. 
In others the median carina appears alone, and finally 
both carina: may be present. As the two carina: become 
more strongly marked, the section of the whorl becomes 
correspondingly more rectangular. There can be little 
doubt, either on general grounds or from a consideration 
of the actual geological history of these shells as recorded 
by Hyatt, that the smooth form is the ancestral one. 
Further, the fact that all stages of carination appear in 
young shells which are yet completely discoidal is a 
sufficient proof that in phylogeny carination was acquired 
before turreting. 

General Conclusions and Discussion. 

The main conclusions here reached with regard to 
Planorbis multiformis are : — 

(i) The ancestral form of the shell was discoid and 
smooth, with whorls of rounded section. 
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(2) Carination was subsequently developed, producing 
a complete range of discoid types, varying from the most 
strongly carinate, with whorls of rectangular section, to 
the ancestral non-carinate form. 

(3) Later variation gave rise to turreted forms, this 
character being also developed in every degree, and 
arising in all the pre-existing varieties. 

(4) Throughout all these changes, the whole group of 
shells has maintained complete biological unity, as shown 
by the fact that the co-existing ultimate forms here 
described have all their varieties connected by a typical 
'‘continuous variation” curve, and must therefore be 
regarded as constituting a single species. 

The simplest conception of the species as here de- 
scribed may be expressed by defining it as a P/ancrbis 
which has become potentially carinate and turreted, either 
of which potential characteristics may be inherited by the 
individual in any degree, the frequency of the inheritance 
following the law of error. 

The minor variations described above may all be 
regarded as essentially consequences of these two prin- 
cipal modifications, separately or in combination, and, for 
the sake of clearness, may be neglected in a general 
discussion. With this restriction it is evident that four 
types of Planorbis multiformis potentially exist : — 

(1) Non-carinate discoid. 

(2) Carinate discoid. 

(3) Non-carinate turreted. 

(4) Carinate turreted. 

Further, it has been shown that carination is now in a 
declining condition, since individuals which are carinate 
in an early stage may become smooth on further growth. 
Hence it follows that two other types, which may be 
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termed “post-carinate,” might theoretically occur, viz. : — 

(5) Post-carinate discoid. 

(6) Post-carinate turreted. 

Of these six types, four are actually realised among 
the adult shells here described, types 1 and 5 being 
absent. The first type occurs among the young shells, 
but never retains its primitive form to maturity — in other 
words, the unmodified ancestral form has ceased to exist. 
The absence also of the fifth type seems to indicate an 
antagonism between a discoid form and smoothness, 
which may explain the non-survival of the primitive form. 
Possibly the uncarinate discoid condition is mechanically 
weak. 

In this connection, a peculiarity of the variation-curves 
for height may be considered. It is clear that the curves 
for the adult shells are asymmetrical. While the greatest 
number of individuals have a moderately high spire, the 
proportion of those with low spires, and especially of the 
discoid types, is notably higher than it should be on 
the hypothesis of pure simple variation about the mean. 
In fact, the curve shows a tendency to rise again on 
reaching the perfectly discoid forms, though unfortunately 
the number of shells available is much too small to make 
this peculiarity of the curve certain. The point is worthy 
of further investigation with more material, since it would 
indicate that, although the series of forms here considered 
is undoubtedly continuous, there is a tendency for the 
discoid type to separate off as a distinct form. However 
that may be, there can be no doubt as to the general 
asymmetry of the curves, which may best be translated 
into the statement that there is a much greater variation 
in height among shells with spires lower than those of the 
commonest type than is found among shells of greater 
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height. The significance of this fact must be considered 
in relation with the geological history of the shells. 

It will probably have seemed to many that the occur- 
rence of the whole range of shell-forms here described in 
a single mass of material is incompatible with Hyatt’s 
assertion that the same series of forms at Steinheim con- 
stitutes a stratigraphical sequence, in which the discoid 
types occur at the lowest and the high-spired forms at 
.the highest horizons. Nevertheless a perusal of his paper 
and a consideration of the manner in which his material 
was collected and investigated must result in the convic- 
tion that his assertion is substantially correct. His state- 
ment is not, however, that each type occurs at one horizon 
only, but merely that the discoid forms alone are found at 
the lowest horizons, while the turreted types appear later 
and finally predominate. Now this is just what our study of 
the present material has led us to anticipate, viz., that the 
species was originally discoid, a turreted tendency having 
subsequently appeared and gradually increased in degree, 
so that the most recent form is one with a fairly high 
spire. Could this form be isolated, it would doubtless 
show a comparatively small range of perfectly sym- 
metrical variation. Among the actual shells, however, 
each of the preceding types still finds expression, but the 
frequency of the occurrence of each type would seem to 
be inversely proportional to the remoteness of the type in 
the ancestry of the existing forms, presumably according 
to an exponential law. This hypothesis at least appears 
to give the simplest and most satisfactory explanation of 
the facts concerning the distribution of the existing 
varieties. 

The alternative is to assume that the maximum 
frequency as determined by inheritance should occur 
among shells of truly mean height, and that the observed 
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preponderance of “ high ” forms is the result of a selective 
death-rate during growth. This involves the assumption 
of an enormous range of purely simple variation, for which 
no explanation can be offered, while it takes no account 
of the geological history of the species. The hypothesis 
here put forward might be tested by an accurate statis- 
tical investigation to determine the exact form of the 
vaiidtion curves Indeed, this suite of shells would seem 
to offer an exceptionally favourable field for the statistical 
investigation of a variety of problems connected with 
variation and inheritance. 

A few other points seem to require brief references. 
Those who are familiar with Hyatts paper will have 
recognised that the forms here described represent only 
the third and fourth of the four genetic series which he 
has constructed — possibly the fourth only, though I think 
the third should be united with it. No representatives of 
his first and second series are present in my material, and 
I am therefore not in a position to discuss the relations of 
these. The earlier members of the third and fourth are 
likewise unrepresented by adult shells. His fourth series 
begins with Planorbis Steinheimensis , a form closely in 
agreement with the theoretical ancestor which ontogeny 
had led us to anticipate — the “ non-carinate discoid ” type. 
It has been shown that among the shells here considered 
this type no longer exists, though it is practically repre- 
sented by the young stages of some individuals. Never- 
theless the material does actually contain a few shells 
which are either P. Steinheimensis or a very slightly 
modified form derived from it {PI. II., Fig. 8) ; but these 
do not belong to the series. There are absolutely no 
intermediate forms to connect them with the others,. 
except among the extremely young shells. Here, then, we 
seem to have a type which has now definitely separated 
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off as a distinct species, the ancestral form having parted 
company with the carinate and turreted varieties. The 
partition in this case serves to emphasise the united 
character of the remaining forms. Of far greater import- 
ance, however, is the fact, as it appears to me, that by 
such partitions, and in no other way, can a species be 
defined. Herein lies the whole distinction between the 
treatment of these shells now given and that adopted by 
Hyatt. He assumes that any form recognisably dis- 
tinguished from another may be designated a distinct 
species. On this assumption any person is at liberty, 
among a series of forms, to distinguish as many or as few 
species as he chooses, since the “ species ” is an abstraction 
with no objective existence. But the aim of classification 
is to indicate the branches of the zoological tree, of which 
the ultimate branches are species. In other words, no 
form can rank as a species until it becomes biologically 
independent. It has already been hinted that the strongly 
carinate discoid forms here described seem to show a 
tendency to break off as the earlier type has done, but 
until a definite discontinuity appears, they cannot, in my 
opinion, be regarded as constituting a distinct species 
Two observations may be made as to the bearing 
of this study on the use of palaeontological data for 
stratigraphical purposes. Firstly, as we have just seen, 
a series of organisms may form an evolutionary chain and 
appear in stratigraphical sequence, yet the members of the 
series may not be diagnostic of successive zones, owing to 
the persistence, as here described, of the earlier types, 
conjointly with their modified descendants. In such a 
case, the horizon clearly cannot be determined, except by 
a complete suite of specimens, sufficient to determine the 
real stage of evolution reached. An individual specimen 
will only serve to determine that the horizon cannot be 
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earlier than that at which the type represented makes its 
first appearance. Incidentally, there should be noted the 
importance of studying the proportions in which the several 
variants of a species are present in a given stratum. 

In conclusion, I would point to the striking testimony 
borne by the history of these shells to the production of 
extensive morphological changes by a process of purely 
continuous variation. In this case it is clearly quite im- 
possible to introduce any idea of “ mutation; ” at least in 
the de Vriesian sense, into the process. No one can 
indicate the point at which a new “ form ” or “ type ” or 
“mutant” appears, the sequence being quite unbroken. 
And surely the great mass, if not the whole weight, of 
palaeontological evidence points in the same direction ? 
Nothing, it appears to me, could be more dangerous, or 
more subversive of the logical basis of stratigraphical palae- 
ontology, than the introduction of the idea of mutation. 
If species or varieties arose in that manner we must 
assume that the date of their appearance can be defined 
with absolute precision, since there can be no fine stages 
of modification leading gradually up to them ; if the con- 
trary is true, there can be no absolute palaeontological 
boundary lines. It must be long before the relative 
importance of these two factors in evolution can be finally 
settled, but in the meantime one case in which continuous 
modification is clearly demonstrable as a palaeontological 
fact should outweigh many instances in which new types 
appear without ascertained intermediates linking them to 
their parent species. 
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DESCRIPTION OF PLATES. 

All the photographs represent varieties of Planorbis multiformis , 
except photo 8. 

Plate I. 

Fig. i. — Complete set of forms showing variation in height. 

This is one of the type-sets used as a standard of 
comparison in sorting, as explained in the text. The 
shells are full grown. x 1*4 dia. 

Fig. 2. — Three sets of mature shells showing variation in cari- 
nation. Sets a-d and e h are of height B (Fig. j) 
and show the ventral and dorsal carinae respectively. 
The shells i-l are of height g (Fig. 1) and show the 
dorsal carina. The ventral carina is faintly seen in 
j, but is never strongly developed in “ high ” shells. 

x 2*3 dia. 

Fig. 3. — Series of mature shells showing variation in degree of 
overlap (involution) of the whorls. In a and b, note 
the “ shoulder ” and " channelled suture” which arise 
when the overlap involves the dorsal carina. 

x 2*3 dia. 
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Plate II. 

Fig . 4.— Series of very young shells showing the variation pro- 
duced by the development or otherwise of carinae. 
The upper and lower rows represent the same shells. 
a is the primitive smooth form. It will be seen that 
the dorsal carina develops first, the ventral one later. 
Compare with Text-figs. 4-6. x 37 dia. 

Fig. 5. — Three mature shells of height g ( Fig. 1), showing 
variation of apex. Compare with preceding figuie. 
Apex of a = a or b of Fig. 4 ; apex of b = d of Fig. 4 ; 
apex of c = f or g of Fig. 4. x 37 dia. 

Fig. 6. — Mature shells showing variation in form of apex, in 
high (a, n) and low (c, d) forms. x 2 3 dia. 

Fig. 7. — Series of mature shells showing variation in form of 
aperture. x 17 dia. 

Fig. 8 . — Planorbis Steinheimensis (?) associated with the fore- 
going shells. These forms agree almost completely 
with Fig. 4 a except in size, but are not linked by 
any intermediates to the mature discoid forms of 
P. multiformis x 37 dia. 
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XI. On some relations between Puccinia malvacearum 
(Mont.) and the tissues of its host plant 

{Althaea rosed). 

By Wilfrid Robinson, B.Sc. (Lond.). 

( Communicated by Professor IV. H. Lang, M.B . . D.Sc., P.R.S ) 

( Read April 22nd, igij. Received for publication J une 6 th , uj/j.) 

This paper deals with some features of the Hollyhock 
rust, the disease caused by Puccinia malvaccaruni , and 
especially with the relations between the tissues of the 
host and the parasitic fungus. This disease is common 
in market gardens near Manchester, and experimental 
work on the conditions of infection is in progress. A 
more detailed knowledge of the histological features of 
the diseased regions was a necessary preliminary, and the 
present paper deals with this portion of the work. 

Puccinia malvacearum has been studied by a number 
of investigators, and the main features of its life-history 
are well known. It was first described by Montagne in 
1852, and since that date Kellerman, Rathay, Tauben- 
haus, Eriksson and others have studied its morphology 
and life-history from various points of view. It occurs 
chiefly on Althaea rosea and Malva sylvestris , but has been 
found to attack many other members of the Malvaceae. 
The sori of teleutospores occur abundantly on the lower 
surfaces of the leaves and also on the petioles, stems, 
bracts, sepals and even on the young fruits. On the leaves 
the sori are at first circular but often become confluent, 
whilst on the stem and petiole they are elongated and 
elliptical in outline. The teleutospores, on reaching 


Sept jth , , ipij. 
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maturity, germinate on the plant, and under normal con- 
ditions produce pro-mycelia each bearing four sporidia. 
The fungus is an autoecious member of the Uredinese, 
which produces teleutospores only, and it has therefore 
been classified in the sub-group Lepto-puccinia (Schroter). 

Little has been done on the intimate lelations between 
this fungus and the cells of the host Attention has there- 
fore been chiefly devoted to this, and to the histological 
features of the diseased spot as compared with the corre- 
sponding normal tissues. It will be convenient first to 
describe the features of pustules on the petiole, stem and 
leaf blade respectively, and then to describe the relations 
between the individual cells of the host and the haustoria 
of the fungus. 

The general relations of the fungus to the tissues of 
the host plant are represented diagrammatically in Text- 
figs 1-4. In the figures the distribution of the several 
tissues of the host is mapped out and the area occupied 
by the mycelium of the fungus is indicated by dots. The 
mass of hyphae beneath the sorus is indicated by cross 
hatching ( c ) and the sorus of teleutospores by vertical 
lines (/) These figures, though diagrammatic, are in each 
case founded on actual sections through characteristic 
pustules. 

Text-fig. 1 represents a portion of a transverse section 
through a petiole, with a pustule in a moderately advanced 
stage of development. The petiolar structure is of an 
ordinary dicotyledonous type. There is an epidermis 
(ep.), a layer of assimilating tissue (as.), a band of collen- 
chyma ( coll .), a cortical parenchyma of large cells (cor. 
par.), and a ring of vascular bundles two of which are 
indicated. Cells containing starch occur around the vas- 
cular bundle and form a definite starch sheath (st. sk.) to 
the outside of the latter. The general distribution of the 
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fungus in the tissues is shown in the figure. The sorus 
of teleutospores (/) rests upon a definite mycelial cushion 
(i\ which has evidently been formed by the occupation 
of the intercellular spaces by larger masses of hyphae, 
leading to the disorganisation of some of the cells of 
the collenchyma. The hyphae extend inwards in the 
intei cellular spaces of the cortical parenchyma, making a 
very definite attack on the starch sheath. Strands of 
mycelium pass into the vascular bundle by way of the 



Text-Jiv. 1. TS part of the petiole of Althaea tosea, showing 
young pustule with relations of mycelium to host 
tissues Description in Text x 36 


less resistant phloem rays (w.r.), and hyphae then ramify 
among the tissues of the phloem ( phi ). Branches of the 
mycelium extend to the parenchyma within the circle of 
bundles. This distribution of mycelium suggests a definite 
absorptive system of hyphae in relation to the individual 
pustule. 

In the stem ( Text-fig ; 2) the distribution of the fungus 
in the tissues is similar, except that on account of the 
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complete ring of vascular tissue the mycelium only rarely 
reaches the pith As in the petiole, there is a definite 
attack on the starch sheath, medullary rays, and the 
phloem elements of the vascular bundle 

On the stem 01 petiole several pustules are often 
found in close proximity Whilst many of these may 
repiesent separate infections, some are subsidiaiy son 
that have originated as off-shoots from the main sorus. 
TeAt-fig 3 represents a longitudinal section through a 



Text fit? 2 T S part of the stem of Althaea , showing very 
young pustule and indicating the distribution of the 
fungus in relation to the tissues Description in 
text x 36 


portion of a petiole with a maturing sorus (s v ) and two 
younger subsidiary son (r a , s 3 ) borne on the same mycelial 
system 

On the leaf blade the sori occur most frequently on 
the lower side, that is, with the teleutospores directed 
downwards Text-Jig 4A, which is a portion of the leaf 
blade seen in surface view, shows that each sorus is related 
to several of the finer veins of the leaf Stomata occur 



Manchester Memoirs , Vol. Ivii. (19 1 3), No. 11 . 5 

on the upper and lower surfaces in the ratio of 4 to 7. 
Since, however, the sporidial germ tube penetrates the 
epidermal wall directly, and does not enter through the 
stoma, the fact that the majority of the pustules appear 
on the lower surface is not to be directly explained by 
the greater abundance of stomata there. Inoculation 



1 ext- fig. 3 . L.S. portion of stem, showing small mature 
pustule s x and two subsidiary pustules and s t . 
Description in text. x 20 . 

experiments showed that even when the sporidia were 
sown on the upper surface of the leaf most of the sori 
resulting were on the lower surface. The general distri- 
bution of the fungus in relation to the tissues of the leaf 
is shown in Text -fir. 411 . The young teleutospore sorus 
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(t) is situated on a mycelial cushion (c) directly below the 
epidermis (*/.), and the mycelium ramifies in the inter- 
cellular spaces and disorganised tissues of the mesophyll 
right through to the upper epidermis. At maturity the 
developing sorus ruptures the epidermis, as in the case of 
the petiole. These observations confirm the descriptions 
of Taubenhausi and of Werth and Lugwigs, 2 but whilst 




Text-fig. 4A. Surface view of leaf lamina, showing pustule 
in relation to several of the finer veins. x 50. 

n. V.S. of portion of leaf lamina bearing a young 
pustule and showing the distribution of the fungus 
in relation to the tissues. x 50. 

the first named states that haustoria are rarely found, I 
have observed haustoria, in the early stages of infection, 
in almost every cell of the affected region. 

Text-fig. 5 shows the distribution of the starch in the 
affected and unaffected parts of a portion of the stem. 

1 “A contribution to our knowledge of the Morphology and Life 
History of Puccinia maivaceatum Phytopathology , vol. i. 

3 “Zur sporenbildung bei Rost und Brandpilzen.” Per. d. Deutsche 
Bot. Ges. t Bd. XXX., lit 8. 
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Abundance of starch is diagrammatically represented by 
the larger crosses, and less abundant starch by the smaller 
crosses. Normally starch is chiefly localised in the cells 
of the endodermis and phloem rays on the cortical side 
of the vascular tube and in the pith cells adjoining the 
inner surface of the same. This distribution is represented 
in the diagram to either side of the infected region. The 



Text-jig. 5. T.S. stem with mature pustule, showing distri- 
bution of starch in and near the tissues entered by 
the fungus. The dotted line indicates the limits 
of the mycelium. x 50. 


limits of the fungal mycelium in relation to the pustule 
are simply indicated in the figure by the dotted line. 
There is a marked diminution of starch in the cells of 
the endodermis and phloem-rays within this area. As 
regards these cells it is clear that the influence of the 
fungus is practically restricted to the area invaded. On 
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the other hand it must be noted that the cells of the pith 
directly interior to the affected patch contain distinctly 
less starch than in the unaffected parts, although the 
mycelium had not actually penetrated to the pith. In the 
petiole the starch is similarly distributed in relation to 
the individual vascular bundles, and a corresponding dis- 
appearance of starch from the starch sheath and cells 
surrounding the inner side of the bundle was observed in 
affected areas. 

This disappearance of starch from cells of the affected 
area may be due to the direct solution of the starch by 
the haustoria of the fungus. Such direct attack, however, 
seems improbable since the starch also disappears from 
the cells of the pith which are not actually reached by the 
mycelium. It is conceivable therefore that the fungus is 
indirectly responsible for the disappearance of the starch 
by tapping the carbohydrate stream directly in the phloem 
and thus preventing the accumulation of new reserves. 

The effect of the fungus on the collenchyma is of 
some interest. Here the cellulose thickenings on the cell 
walls gradually disappear on the aggregation of the 
mycelium between the cells. Text-fig. 6a shows the normal 
collenchyma before any mycelium had entered the inter- 
cellular spaces, and the cellulose thickenings are repre- 
sented by shading. In the case shown in Text-fig. 6b the 
mycelium, though not represented in this or the following 
figure, occupied the expanded intercellular spaces of a 
corresponding area of collenchyma. The cells showed 
considerable enlargement, but at this early stage the areas 
of thickening on the cell walls had undergone very little 
solution. At a later stage the cells were more widely 
separated by the accumulated hyphae and the thickenings 
on the walls had been largely 'dissolved ( Text-fig . 6c). 
In connection with this it may be mentioned that in both 


$ J 
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the stem and the petiole the pericyclic fibres of the 
vascular bundles attacked by the fungus are almost 
entirely devoid of thickening. A comparative study of 




Text -fig* 6a. Collenchyma cells in unaffected area with 
cellulose thickening indicated. 

B. Similar cells separated by mycelium of the fungus 
at an early stage. 

c. Similar cells with mycelium between at a later stage, 
and the thickened areas on the walls diminished 
and almost completely disappeared near the teleuto- 
spore sorus. x ioo. 
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older and younger petioles showed that the fungus does 
not merely prevent the formation of the thickening but 
actually causes its disappearance. 

In addition to the enlargement of the cells of the 
collenchyma, already referred to, there is a very distinct 
increase in size of the cells of the assimilating tissue and 
epidermal cells overlying the young sorus ( Text-jig. 7A), 
as compared with the corresponding cells from an un- 
affected part of the same petiole ( Text-jig . 71$). These 
enlarged cells are entered by haustoria of the fungus. 



Text'fiq. 7a. Epidermal and assimilating cells overlying the 
margin of the teleutospore sorus. Mycelium 
between, and haustoria within most of these cells. 

x 200. 

B Corresponding normal epidermal and assimilating 
layers of petiole. x 200. 

All the evidence accumulated points to the probability 
that the infection by the germ tube of a single sporidium 
is capable of producing an area of infection such as has 
been described. Numerous artificial infections have been 
made, and the course of development of the fungus from 
infection onwards has been studied both in seedlings and 
mature leaves. Kellerman 3 states that a sporidial germ 

s Sitz. Ber . Phys. Medic. Soc. Erlangen , 1874. 
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tube penetrates the epidermis between two epidermal 
cells. Whilst this method of entry has been observed, I 
have as frequently seen the germ tube directly enter an 
epideimal cell as described by Rathay. 4 

The germ tube produces a slight swelling at the tip 
and then enters by a fine neck, expanding within the cell 
to form a large club-shaped infection vesicle. Whilst, in 
form, this resembles the haustoria to be described later, it 
seems better to give it a distinctive name on account of 
its different behaviour and functions. PL 1 . f Fig. 1 shows 
two sporidia lying on the epidermis seen in surface view 
and sending their infection vesicles into the cell. For 
comparison a germinating sporidium, the germ tube of 
which has not penetrated the epidermis, is shown in PL 1., 
Fig. 2 The infection vesicle, which is often directed 
towards the cell nucleus {PL Fig. 3), gives off hyphal 
branches ( Pl. /., Fig. 4). These either grow through the 
cell wall into the neighbouring intercellular spaces, thus 
starting the intercellular mycelium, or one of them may 
enter an adjoining cell forming a second club-shaped body 
like the primary infection vesicle. 

Sooner or later the intercellular life of the fungus is 
commenced and the hyphse advance rapidly into the 
collenchyma and cortical parenchyma, sending short 
straight or forked haustoria into every cell passed (PL I., 
Figs* 5 ) 6). This rapid advance brings the mycelium very 
quickly into relation to the starch sheath and vascular 
bundle, a large number of cells being tapped in this way 
by means of haustoria. The mycelium now aggregates 
and begins to expand the intercellular spaces of the 
collenchyma as already described ( Text-fig . 6), From this 

4 “ Ueber das Emdringen der Sporidien-Keimschlauche der Puccinia 
malvacearum in die Epidermiszellen der Althaea rosea.” Vcrh. K. K. Zool. 
Bot. Ges. Wtett , 1881. 
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time onwards there is no great extension of the area 
of the host tissues invaded by the fungus, the further 
vegetative phase consisting in the increase in amount of 
the mycelium in the region already occupied. 

The reproductive phase begins with the growth of 
fertile branches radially outwards from the mycelium 
massed in the collenchyma. These insinuate themselves 
in rows between the walls of the outer layers of collen- 
chyma and ultimately give rise to the teleutospores, which 
are thus generally developed between the collenchyma 
and the assimilating tissue ( Text-fig . 2). Finally the 
increase in size of the cells of the cortical parenchyma and 
of the collenchyma, together with the great accumulation 
of mycelium and the growth of the developing teleuto- 
spores, brings about the crushing and ultimate rupture of 
the assimilating tissue and the epidermis. 

It is well known that the sori on the leaf often drop 
out after maturity leaving circular holes, and that those 
on the stem fall away leaving elliptical wounds . 8 These 
are indications that the final fate of the invaded tissues is 
death, and that the whole of the affected area is necrosed, 
none of the mycelium remaining alive in the tissues of 
the plant. During the earlier stages of the attack, how- 
ever, it will be shown below that the affected cells remain 
alive. 

Some confusion seems to exist in regard to the 
haustoria of Puccinia malvacearum. While, as mentioned 
above, Taubenhaus 6 has recently stated that haustoria are 
rarely found in this species, they have been described and 
figured by Kellerman 7 and Eriksson . 8 The descriptions 

6 Plowright, C. B., “ A Monograph of the British Uredineae and 
Ustilagineoc.” 

6 Loc. cit. 

7 Loc. cit. 

8 “ Der Malvenrost.” Kutigl. Svenska. Vetcnsk. Hand Bd. 47, No. 2. 
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given by these investigators do not, however, extend to 
jhe relations of the haustoria to the cytoplasm and 
nucleus of the cells. From many of the figures it is not 
even clear whether the haustoria are lying in the proto- 
plasm of the cell or are hanging into the vacuole. 

This vagueness is not by any means surprising in 
view of the difficulties I have encountered in dealing with 
fixed material of these pathological cells. It soon became 
evident that a fuller understanding of the delicate relation- 
ships of the haustoria to the cells could only be obtained 
by checking the observations on fixed material by a 
study of cells in the fresh or living condition. Without 
this comparison it was difficult to say how far the changes 
in the cells were due to the action of the fungus or merely 
to the difficulty of fixing the abnormal cells. 

Haustoria are found in practically every cell of the 
tissues, the intercellular spaces of which are occupied by 
the fungus. They vary somewhat in form according to 
the character of the cell invaded. In the cells of the 
collenchyma and assimilating tissue they are generally 
forked, and each branch grows towards the nucleus. In 
the cells of the cortical parenchyma the haustoria are 
often larger, but when first entering appear as short 
straight or forked hyphai, connected with the hypha out- 
side by a fine neck {PI. /, Figs. 5 and 6). They grow 
toward the nucleus, and often flatten the tip, or tips, of 
their branches against the nuclear membrane {PI. /, 
Fig. 7). In the cells of the starch sheath the haustoria 
are generally much more branched, and the branches enter 
into close contact with the nucleus {PL /., Figs. 9, 10 and 
11). The haustoria in the elongated cells of the phloem 
parenchyma enter by a narrow neck and the two branches 
diverge, growing in opposite directions a limited distance 
along the cell {PL /., Figs. 12 and 13). The nucleus of 
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the haustorium is generally situated at the junction of the 
two branches and the neck. Three or more such haustoria 
often enter a single cell, and frequently a branch of one 
reaches the nucleus (PI. /., Fig. 13). Haustoria approach- 
ing this form were also observed in the elongated cells of 
the collenchyma and in the phloem of the leaf. This 
difference in form is quite possibly a modification due to 
the elongated character of the cells entered. No haustoria 
were observed in the sieve tubes, though hyphai occa- 
sionally pass into the tracheids, but do not grow for any 
distance along them and have not the form of haustoria. 
In no case were haustoria observed to grow further, but 
they appear to serve as definite absorbing organs of 
limited growth. They differ, in this respect, from the 
infection vesicle, branches of which grow out of the cell. 
In the case of the cells of the leaf, it was only found 
possible to study the earlier stages after entry by haus- 
toria. PL 11 Fig. 14, shows a normal cell of the spongy 
mesophyll of the leaf, whilst in PL II . , Fig. 15, a single 
branched haustorium has entered such a cell, and lies in 
the protoplasm with the tip of one of its branches in con- 
tact with the nucleus. The nucleus is somewhat enlarged 
and most of its chromatin has disappeared. The chloro- 
plasts at this stage were to all appearances perfectly 
normal, and this was also the case in the living material 
examined ( PL //., Fig. 16). 

In living material of the petiole examined by means 
of thick hand sections it is possible to observe that 
in the case of the uninvaded cells of the cortical paren- 
chyma, the nucleus is generally peripherally placed in the 
cytoplasm which lines the cell wall and surrounds a large 
central vacuole ( PL //., Fig. 20). A number of chloro- 
plasts lie regularly disposed in the cytoplasm. A young 
haustorium entering such a cell {PL //., Fig. 21) lies in 
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the protoplasm and grows towards the nucleus {PL //., 
Fig. 22), which often becomes displaced to the centre 
of the cell, appearing then to be slung by delicate 
protoplasmic strands to the peripheral cytoplasm. The 
haustorium enters into contact with the nucleus. Fine 
haustoria may also be seen to have entered and to be 
growing along the protoplasmic strands toward the nucleus 
( PI . /., Fig. 7), {PL II., Fig. 17). T here is at no time any 
appearance of an in-growing sheath or cap of cellulose as 
has been described for the haustoria of some other fungi. 9 

With the advance of the haustoria towards the nucleus 
the chloroplasts become grouped round the latter {PI. II., 
Fig. 17). They gradually lose their contour, become 
paler in colour and more highly refractive, and finally 
lose their identity. The protoplasm near the nucleus 
then appears denser, and of a greenish colour on account 
of these disintegrated chloroplasts {PI. /., Fig. 7). 
Ursprung, 10 in discussing the microscopic signs of death 
in cells, regards the wandering of the chloroplasts to the 
middle of the cell, the rounding of their contour and the 
loss of their typical structure and colour, as among the 
earliest signs of death. In optical section these cells, 
when studied fresh, have all the appearance of living cells, 
being quite turgid and having the cytoplasm and nucleus, 
which are more easily seen than in the uninvaded cells, 
occupying the cell as already described {PL. //., Fig. 17). 
A series of plasmolysis experiments was tried. Thick 
hand sections through the living petiole bearing a pustule 
were mounted in water and rapidly observed, the atten- 
tion being fixed on one or two of the invaded cells. 
These were rapidly drawn with the aid of the camera 

0 Guttenberg, “ Beitrage z. physiol. Anat. der Pilzgallen,” 1905, pp. S 
and 42. 

10<< Lebender Zellen um Saftsteigen.” Beihtfle z. Bot. Cenitalb., 
Bd. XXVIII., II. 2. 
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lucida, and the sections were then treated with solutions 
of common salt A 10% solution brought about plasmo- 
lysis of both the invaded and uninvaded cells, but on 
replacing the sections in water no recovery took place. 
When a 4% solution was used plasmolysis occurred as 
before, in both the invaded and uninvaded cells, but later 
treatment with water brought about complete recovery 
in both cases ( PL II., Figs. 17, 18 and 19). This power 
of the protoplasm of the cells invaded by the fungus to 
contract under plasmolysis and recover again affords a 
definite indication that the haustoria are lying in living 
cells. In some cases of plasmolysis of cells invaded by 
haustoria, the protoplasm of the cell was observed to 
stream towards the nucleus along the line of the proto- 
plasmic strands which for a few seconds became much 
wider. Ultimately the cytoplasm aggregated near the 
nucleus in the centre of the cell, though a fine pro- 
toplasmic strand still remained connected with each 
haustorium that had not reached the nucleus. It is 
difficult to see how the entering haustoria could invariably 
appear to be connected by protoplasmic strands with the 
nucleus, unless they were actually lying in the proto- 
plasmic strand and growing along it {PI. //., Figs. 22, 23). 
Plasmolysis experiments were also tried with salt solu- 
tions varying from 1 to 4%, in order to determine, if 
possible, whether there was any appreciable difference in 
the turgidity of invaded and uninvaded cells, but the 
results were inconclusive. 

In the cells of all the tissues entered the haustoria 
appear to grow towards the nucleus. This phenomenon 
was first described by Rosen 11 for Puccinia asarina , and 
Magnus, 12 Guttenberg, 15 and other observers have confirmed 

11 Cohn’s “Beitrage z. Biol. d. Pflanzen,” Bd. VI., 1893. 

1 9 " Studien an der endotrophen Mycorrhiza von Neottia nidus-avis 
Jahrb. fur Wiss. Bot ., Bd. XXIV. ,, 

1 8 Lee. cit . 
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this for other Uredineae. Similar observations were made 
by Nemec 14 on the mycorrhiza of Calypogeia , and by 
Groom 16 on that of Thismia aseroe. In normal cells of 
the Hollyhock the nucleus contains one or two nucleoli 
and a number of regularly arranged chromatin granules 
united by a network of fine threads {PL //., Figs. 20 and 
24). When a cell is entered by haustoria the nucleus 
becomes larger and more distinctly visible in the fresh 
material {PI. /., cf. Figs. 8 and 9), and at a late stage in 
some cases it shrivels somewhat {PL I., Fig 11). There 
is a distinct diminution of the chromatin granules, and 
the nucleolus becomes somewhat larger {PL II ., cf. Figs. 
23 and 24). Groom 16 has expressed the view that the 
haustoria grow towards the nucleus because it is the 
centre of metabolic activity, but Guttenberg 17 disputes this 
and holds that the former obtain specific substances, and 
especially chromatin and nuclear sap from the nucleus. 
This he believes explains the shrivelling, as well as the 
disappearance, of chromatin which he records. In the 
present example one of the most striking features is 
the persistence of the nucleus in an unshrivelled condition 
until a very late stage, so it would hardly seem likely 
that the haustoria withdraw the nuclear sap, nor did the 
appearances establish a direct utilisation of the chromatin 
by the fungus, though the amount of chromatin diminished. 

Where an enlargement of the nucleus has been 
observed by previous workers, one of two conclusions 
have been drawn, either that the increase in size points to 
an increase in the metabolic activity of the cell or that 
it is a sign of the approaching death of the cell. In the 
present case, the fact that the chloroplasts aggregate 

1 * Beiheftc z. Bot. Centralb., Bd. XVI., II. 2, 1904. 

18 Anna/s of Botany, Vol. IX., 1S95. 

16 Groom, loc. cit. 

17 Loc. cit. 
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round the nucleus and ultimately disintegrate, and that 
the chromatin diminishes in amount, shows, 1 'that, though 
these cells are still living and plasmolysable, their vital 
activities are diminishing, and they are dying in a pro- 
tracted fashion. 

Magnus 18 records that in the case of Puccinia leuco - 
sperma, the haustoria arise relatively late in the attack, 
and therefore concludes that the main nourishment of the 
fungus is accomplished by the osmotic activity of the 
intercellular mycelium. In the present case, the fungus 
establishes connection with the cells of the host by means 
of haustoria immediately after infection. It is therefore 
likely that these haustoria obtain, from the living cells, 
materials which are essential to the development of the 
fungus. 

The question of the relations of a parasitic fungus 
and the tissues of its host is a very complex one, and its 
exact analysis or even description is difficult. While 
some of the observations recorded in this paper are 
simply confirmatory of those recorded by other investi- 
gators, it is hoped that some advance has been made ; 
especially as regards the exact relations of the haustoria 
to the cytoplasm and the nucleus of the cells attacked 
and the vitality of these cells. In studying this question, 
the simple process of examining uninjured living cells has 
proved of great assistance and an invaluable check on the 
appearances shown in permanent preparations Another 
aspect of the disease caused by this fungus has been at 
least indicated by the study of the starch-distribut ion in 
the affected regions. In conclusion, I desire to express 
my indebtedness to Professor W. H. Lang for suggesting 
this work and for his continual advice and assistance 
during its progress. I have also had the advantage of 

18 Loc. at ., p. 213. 
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consulting with Mr. D. Thoday on some of the physio- 
logical questions involved 


Summary 

I. The germ tube from the sporidium of Puccmia 
malvacearum penetrates the epidermis of the 
Hollyhock, sending an infection vesicle into the 
cell. This infection vesicle produces branches 
that grow into the intercellular spaces. 

II. The mycelium grows in the intercellular spaces of 
the host and sends haustoria into all the cells of 
the affected area. Strands of hyphae pass into 
the vascular bundles and there is a definite attack 
on the phloem region, large haustoria being sent 
into the cells of the phloem parenchyma 

III. In the case of the leaf each pustule is related to 

several of the vascular strands. 

IV. There is a definite diminution in tKe quantity of 

starch in the regions invaded by the fungus 

V. Cells of the host were demonstrated to remain living 
for a considerable time after entry by haustoria. 

VI. The haustoria lie within the protoplasm and grow 
towards the nucleus. No case of haustoria 
entering the vacuole was observed. 

VII. Various changes consequent on the entry of the 
haustoria were noted. The chloroplasts which 
were regularly disposed in the peripheral cyto- 



20 ROBINSON, Puccima malvacearunt and its host plant 

plasm aggregate round the nucleus, lose their 
colour and contour and finally disintegrate. The 
nucleus moves from a peripheral position towards 
the centre of the cell and is connected with the 
peripheral protoplasm by protoplasmic strands. 
There is a very distinct increase in size of the 
nucleus and the chromatin gradually diminishes 
in quantity. 


Cryptogam ic Research Laboratory, 
University of Manchester 
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DESCRIPTION OF FIGURES. 

Plate I. 

Figs. 5, 6, 17, 18, 19 and 20 were drawn from material in the fresh 
condition. 

The remaining figures, except 1 and 2, are from sections of material 
fixed in Flemming’s weaker solution, and stained in Carbol Fuchsm and 
Licht Grun. 

Figs. 1 and 2 are from a strip of epidermis fixed m alcohol and stained 
with Erythrosin. 

Fig. \. — Two germinating sporidia lying on the epidermis seen 
in surface view, with their infection vesicles entering 
the epidermal cell. x 800. 

Fig. 2. — A sporidium which has germinated, but failed to enter 
a host cell, showing the different character of the 
germ tube. x 800. 

Fig. 3. — A longitudinal section of part of an epidermal cell, 
showing a vacuolated infection vesicle directed 

towards the nucleus. x 800. 

Fig. 4. — A longitudinal section of a similar cell to Fig. 3, 
showing a branched infection vesicle. x 800 

Fig. 5. — A living cell of the cortical parenchyma, entered by a 
very young forked haustorium The nucleus is 
situated in the peripheral protoplasm and the chloro- 
plasts are normal. x 650 

Fig. 6. — A cell of the cortical parenchyma in transverse section, 
entered by a straight haustorium which lies in the 
protoplasm. x 650. 

Fig. 7. A cell of the cortical parenchyma which shows an older 
haustorium in contact with the nucleus. The dis- 
integrated chloroplasts lie near to the nucleus, and a 
young haustorium is growing along a protoplasmic 
strand from the opposite side. x 650. 
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Fig. 8.— A normal cell of the starch-sheath in longitudinal 
section, shows nucleus rich in chromatin granules, 
surrounded by large starch grains. x 800. 

Fig. 9. — A similar starch-sheath cell entered by two branched 
haustoria, one of which is in contact with the 
enlarged nucleus, x 800. 

Figs . 10 and 1 1 . — Similar cells to Fig. 9, showing remnants of 
leucoplasts near to the nucleus which in Fig . 11 is 
shrivelled. x 800. 

Fig . 12. — A portion of a phloem-parenchyma cell entered by a 
forked haustorium, with divergent branches lying 
in the somewhat contracted protoplasm, x 800. 

Fig. 13. — A similar cell to Fig. 12 which shows one branch of 
the haustorium in contact with the hypertrophied 
nucleus. x 800. 
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Plate II. 

Fig. 14. — A normal spongy-mesophyll cell of the leaf in trans- 
verse section. x 1,800. 

Fig. 15. — A corresponding cell to Fig. 14 entered by a haus- 
torium, showing one branch in contact with the 
enlarged nucleus. The chloroplasts are apparently 
normal. x 1,800. 

Fig. 16. — A living palisade-parenchyma cell entered by a 
haustorium. The chloroplasts are apparently 
normal. x 900. 

Fig. 1 7 - — A living cell of the cortical parenchyma of the 
petiole, underlying a well-developed teleutospore 
sorus. Haustoria are seen lying in the protoplasmic 
strands and the disorganising chloroplasts are 
aggregated round the enlarged nucleus. Seen in 
optical section. x 650. 

Fig. 18. — The same cell as Fig. 17 after partial plasmolysis with 
5 % NaCl. The protoplasm contracted from the 
wall and was observed to cross the cell towards 
the nucleus. The nucleus also is somewhat con- 
tracted. x 650. 

Fig. 19.— The same cell as in Figs. 17 and 18, after recovery 
from plasmolysis, in water. The protoplasm has 
moved back to the cell wall. x 650. 

Fig. 20. — A normal living cell of the cortical parenchyma of the 
petiole in a corresponding position to that figured in 
Figs. 17, 18 and 19. Seen in optical section, x 650. 

Fig. 21 . — Similar cell (fixed) in T.S., showing peripherally- 
placed nucleus and a young haustorium entering 
from opposite side. x 650. 
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Fig. 22. — T.S. of a cell cortical parenchyma with a young 
haustorium growing towatds the nucleus, x 650. 

Fig. 23 — Portion of cell figured in 22, showing the connection 
between the haustorium and the nucleus by fine 
strands of protoplasm. 1 he nucleus has lost its 
chromatin granules. x 1,800. 

Ftg. 24 . — The nucleus of an unaffected cell corresponding to 
that seen in Fig, 23 x 1,800. 
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XII. On some new Multiple Relations of the Atomic 
Weights of Elementary Substances; and on 
the Classification and Transformations of Neon 
and Helium. 

By Henry Wilde, D Sc., D C L., F.R S. 

( Received and ; cad July 22nd, 191 j ) 

In several of my papers which have been published 
by the Society during past years on the multiple pro- 
portions of the atomic weights, special attention was 
directed to the series Hyn on account of the magnitude 
and importance of its primary members in the economy 
of nature. Silicon (symbol Si), in combination with 
oxygen, constitutes more than half the weight of the 
earth’s crust, and is the principal constituent of glass for 
all the purposes of civilised life Nitrogen (N), forms 
nearly four-fifths of atmospheric air, and is an essential 
element in organic nature. Iron (Fe), from its magnetic 
and other physical qualities, is a necessity in modern 
civilisation. Gold (Au), is of aesthetic importance from 
the brilliancy and permanence of its colour, while the 
comparative rarity of its occurrence in nature admirably 
adapts it as a standard of commercial value. 

It is not a little remarkable that while the physical 
properties of most of the principal elements are well 
determined within small fractional quantities, the atomic 
weight and correlated specific heat of silicon are still 
open to revision, notwithstanding the large amount of 
attention which has been given by chemists to determine 
these constants of nature. 


July 31st, ipxj. 
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In order that the connexion between the results of 
the present paper with my former researches may be seen 
without the trouble of references, I will recapitulate 
several of the points previously discussed, together with 
the explanatory tables of atomic weights. 

Since the investigation of the properties of silicon by 
Berzelius, who regarded silicic acid as a trioxide, much 
discussion has arisen as to whether the atomic weight of 
silicon should be 21, 28, or 35, and the formula for its 
oxide Si a O«, SiO a , or Si a O ft 

Through the classical researches of Regnault the 
specific heat of silicon was found to be 0176* The 
determination was made with specimens of the metalloid 
of considerable size and in a state of compactness and 
purity to receive a polish which formed a perfect mirror. 
The above number multiplied by 28, the highest atomic 
weight assigned to Si, gives the product 493, while the 
law of Dulong and Petit requires the value 6 25 

In discussing the cause of the anomalous atomic heat 
of silicon, Regnault pointed out that in order that it 
might enter into the law of the specific heat of other 
elements, it would be necessary to write the formula of 
silicic acid Si*O fi , it would then resemble that of nitric, 
phosphoric, and arsenic acid The atomic weight of 
silicon would then be 35, and the product of this number 
and the specific heat would be nearly 6'2$, which agrees 
with the analagous products that other simple bodies give. 
By assigning to silicon a higher atomic weight and a 
polybasic character like that of phosphorus or nitrogen, 
Regnault remarked that it is easy to explain the existence 
of the great number of silicates which nature presents in 
well-defined and beautiful crystals, and to understand the 
existence of the natural hydro-silicates. 

* Annates de Chetme et de Physique, tomf$53, pp 24-31 (iSSl). 



Manchester Memoirs , Vo/, hit. (1913), No. 12 , 3 

It will be seen from my general Table that the atomic 
weights of nitrogen, silicon, and iron, besides being whole 
numbers, are exact multiples of H7 ; and in all the 
formulae proposed for the constitution of silica the atomic 
weight of silicon is a multiple of 7. These formulae are 
given below, with the old and new atomic weights, the 
proportion of silicon to oxygen being in the ratio of 7 : 8 
in all the formulae. 

1. Si O =Si 7*0 8 : • 7 : 8 

2. Si O a = Sil4 : O16 : : 7 : 8 

3 Si O s =Si28 : O32 1:7:8 

4. Si O s = Si2l : O24 : : 7 : 8 

5. Si 0 8 = S142 : O48 : : 7 : 8 

6 Si 2 0 6 = Si35 * O40 : : 7 : 8 

7. Si 3 0 6 = Si70 : O80 : : 7 : 8 

I have shown that the ordinal number of the typical 
molecule at the head of the several series in the general 
Table determines the quantivalence of each series of 
elements under it. When my first paper on atomic weights 
was published the only member of the series Yijn known 
to be heptavalent was manganese, but I therein stated 
that the relation of this element of the iron group indi- 
cated a much higher quantivalence for the other members 
of this series than had hitherto been accorded to them. 
MM. Hautefeuille and Chappuis have since formed per- 
nitric acid, which indicates a higher quantivalence for 
nitrogen than had previously been obtained for this 
element and more recently MM. Debray and Joly have 
shown that ruthenium (Ru) is heptavalent by the forma- 
tion of the heptarutheneates of potassium and sodium, 
which have many points of resemblance to the heptaman- 
ganates.f 

* Comptes Rendus , tome 94, pp. nil, 1306. 

1 * Comptes Retidus, tome 106, pp. 1494, 1888. 
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The remarkable resemblance which the members of 
the iron group have to each other while their atomic 
weights are nearly the same, has long been a subject of 
interest to philosophical chemists, and if the views which 
I have enounced respecting the formation of elemental y 
species be correct, the cause of these resemblances admits 
of a possible explanation. 

From the great abundance and wide distribution of 
iron in nature, it is piobable that the vapour of this 
element would form an atmosphere of considerable depth , 
the upper and lower regions of which, by differences of 
pressure and temperature, might produce allotropic 
varieties before a definite change to the next higher 
members in the series occurred. When once varieties of 
an element were formed, these varieties would be propa- 
gated through successive condensations into the next 
higher members of the series, just as they are found in 
the palladium and platinum groups of metals Chemists 
have already observed that each of the metals of the 
palladium group appeals to be more especially correlated 
with some particular member of the platinum group, and 
all are found associated together naturally in the metallic 
state. M Sergius Kern, a Russian chemist, has discovered 
a new metal with an approximate specific gravity of 9 39 
which he classifies with the platinums, and has given to it 
the name of Davyum The low specific gravity of this 
element indicates it as the fourth member of the palladium 
group of metals, as shown in my general Table. 

The chief properties which distinguish the elements 
of the series H jn are their high fusing-point and their 
passivity in the presence of ordinary reagents, to which 
iron, under peculiar conditions, forms no exception. 

Although gold in some recent classifications of ele- 

* Comptts Rendns , tome 85, pp. 7®, 623, 667. 
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ments has been separated from the platinum metals, yet, 
in its primary qualities, it exhibits closer analogies with 
them than with the members of any other series, and 
there is no other place vacant in the groups which an 
clement with the atomic weight and physical properties of 
gold would fit The constant association in nature of 
quartz, hematite, and specular iron ores with gold and 
platinum is a fact fully recognised by chemical geologists* 
and confirms the positions assigned for Si, Fe, and Au, in 
the table as forms of Hyn. 

Although I have designated the highest members of 
the series H yn as the platinum group, yet if the small 
diffeiences in their atomic weights and physical properties 
admit of explanation by the assumption of their being 
allotropic varieties of each other, then gold, palladium and 
non may stand at the head of their lespective gioups and 
determine the species to which the vaneties belong. It is 
no objection to the theory of the members of the respec- 
tive groups being varieties of each other that they cannot 
by any known power of analysis be lesolved into their pri- 
maries, as the same objection would apply to the natural 
varieties of organic species determined by naturalists 


The arbitrary policy of several writers in doubling the 
atomic weights of four of the gaseous members of the 
series Hyn , viz.: neon, argon, krypton and xenon, (not- 
withstanding that the atomic weights of nitrogen, hydro- 
gen, oxygen and chlorine are the same as their specific 

* BtschofTs Chemical and Physical Geolog) , Vol 3, p 534 
Cavendish Soc. 'Viforks. Murchison’s Siluria, Chap. 17, pp 433.439. 
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gravities at ordinary temperatures) has induced me to 
review the multiple relations of the series of elements 
H 7« with the following results : — 

1. Ne 7-fAr 21= 28 ^ = N 14 

2. Ne 7 + Si 35= 42-r2 = Ar 21 

3. Ar 21 4-Xe 63= 84~2 = Kr 42 

4. N 144-Fe 56= 70 -r 2 = Si 35 

5. Ne 7-fPd 105 = 1 12-f 2 = Fe 56 

6 N 14-fAu 196 = 210— 2 = Pd 105 

7. Ne 7x28 =Aui96 

8. Ne 7X 9 =Xe 63 

An examination of the above Table shows (1) that 
no less than six triads are formed in the series, in which 
the sum of the atomic weights of the extreme members 
is double the atomic weight of the means, and are all 
multiples of Ne7. Triads of atomic weights have been 
fully recognized by Dumas, Faraday, and other philo- 
sophical chemists as indubitable evidence of community 
of origin, of transmutation, and important factors in the 
classification of elementary substances. (2) That the 
atomic weight of silicon (35) follows naturally in the 
series, and the lesser values Si 21, and Si 28, find no place 
in the table. (3) That if the atomic weights of Ne, Ar, 
Kr, Xe, were doubled, it would be necessary to double 
those of N, Si, Fe, Pd, Au, and other members of the 
series, which is obviously absurd. 

As the four new elementary gases have no chemical 
properties their specific gravities are necessarily substi- 
tuted for atomic weights. The experimental determi- 
nation of their respective densities differ slightly from my 
table owing to the difficulty of separation from each other, 
probably from other causes which it is unnecessary on this 
occasion to indicate. In the interests of science, however, 
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it is incumbent on me to say that no teacher of natural 
science, with the above table before him, is at liberty to 
double the atomic weights of the inert gases of the series 
H 7 n without violence to his moral intelligence and lasting 
injury to the ingenuous student who looks up to him for 
guidance and instruction. These remarks are equally 
applicable to the doubling of the atomic weight of helium, 
which element has been separated from the series H2«, 
and grouped with Ne, Ar, Kr, Xe, solely on account of its 
chemical inertness, the five elements having no other 
rational classification. 

It is a common error to assume that discoverers in 
various departments of science are, necessarily, authorities 
on the co-ordination of the subject of their discoveries 
with the general properties of bodies, and with the real 
nature of things. Thus (1) Peligot adopted 120 as the 
atomic weight of uranium, and Stromeyer 56 for cadmium, 
the modern determinations for these elements being 240 
and 1 12 respectively. (2) Scheele’s oxy muriatic acid was 
shown by Davy to be elementary chlorine. (3) Platinum 
was identified by its Brazilian discoverer with silver, and 
derived its name from that metal. Many similar instances 
may be adduced from other departments of the natural 
sciences. It will be sufficient to mention in this con- 
nexion the discovery and first appearance of Saturn’s 
rings, the supposed cometary nature of the planet 
Uranus, and the landfall of Columbus. 

Helium, as will be seen in several of my papers, is the 
typical element of the series H2 n } with an atomic weight 
of 2 (He = 2) as shown in the following table. This 
number has been adopted by French chemists in the table 
of atomic weights published in the Annuaire du Bureau 
des Longitudes. 
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Un 

H 2 n 

H = x Diff 

He = 2 Diff 

- 6 

- 6 

II 

►4 

t-N 

o 

o 

0 0 8 = Be = 8 

o 59 t 7 * 

1 64 92 

— 1 6 

— 16 

i x 23 , o = Na = 23 

1 x 24 — 0= Mg = 24 

098 23 

1 74 24 

— 16 

— 16 

2x23 — 7 = K = 39 

2 x 24 — 8 = Ca = 40 

086 3Q 

18 40 

-23 

-2* 

3x23 — 7 = Cll = 62 

3 x 24 — 8 = Zn = 64 

89 63 3 

7 2 65 

-23 

-24 

4x23 — 7 = Rb = 85 

4x24 — 8 = Sr = 88 

1 52 85 

2 54 *>7 5 

23 

~ 2 4 

5 x 23 — 7 = Ag =108 

5 x 24 — 8 = Cd =112 | 

10 6 108 

8 69 112 , 

-23 

-24 | 

6x 23 — / = Cb =131 

6x24~8 = Ba =136 j 

j 1 88 132 

3 75 i 37 

23 

-24 1 

7X23-7 = X =154 

7 x 24 — 8 = X =160 

12 2 $ 

10 13: 

-23 

“4 

8x23 — 7 = X =177 

8 x 24 — 8 = Ra = 184 

2 2j 

4 81 

-23 

-24 

9x23 — 7 = Hg =200 

9x24 — 8 = Pb =208 

I 3 6 200 

11 44 207 


Further inspection of the table will show that, in con- 
sequence of the law of multiple proportions by which the 
atomic weights of the series are determined, there is a 

•Accepted Atomic Weights. f Specific Gravities ? Estimated. 
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common difference of 23 between the atomic weights of 
the series H n (commencing with K) to the final member 
Hg. In like manner there is a common difference of 24 
in the strictly parallel series H2 n. The regular parallel 
differences between the atomic weights of members at the 
head of both series are equally remarkable. 

I have discussed in former papers the alternation of 
light and heavy metals in regular order observable in 
each of these series, and have put forwatd suggestions as 
to its possible cause in my fiist papers on the “Origin of 
Elementary Substances, 1 ” published by the Society in 
1878 and 1887. 

Radium (as was indicated in my Table of Elements 
some years previous to its discovery), is one of the 
synthetic transfoi mations of helium in the seiies H2 «, and 
is the next higher member to barium of the alkaline-earth 
metals. This place has since been assigned to radium by 
Mme Curie, but with an erroneous atomic weight and 
specific gravity ; as will be seen by compaiison with the 
similar properties of the other members of the same series. 

Helium (H2) is also shown in the paper of 1878* as 
the analytic transfoimation ultimate of radium and other 
members of the series H2 n. 


The positions of helium and neon in my general Table 
of Elements, as the transformation ultimates of the series 
H 2 n and H jn respectively, are further interesting in con- 
nexion with the recent announcements that these elements 
have been found in glass vessels in which they had no 
previous existence.-)- Now, assuming the reality of these 

* Proc. Manchester Literary and Philosophical Society , vol. xvii, p. 194, 
1878; Memoirs , vol. xxx, 1887. Chem. News, vol, 38, 1878. 

t Nature , February 13th. Chem. News, February 14th, 19x3. 
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observations, the phenomena not only admit of explica- 
tion from my classification of the elements, but also 
account for the discordant results obtained by the experi- 
menters engaged in the research. 

Several significant facts were brought out by the 
investigators during their researches, viz : — the use of old 
X-ray tubes, bare glass tubes, and glass wool, all from 
which neon and helium were obtained. One of the in- 
vestigators could only find neon as a transformation pro- 
duct, while others, working independently, found helium 
alone, and in other cases a mixture of both gases. 

These results were of sufficient interest to induce me 
to ascertain the composition of various glasses used in 
the arts, from which the following are selections : — * 

1. Baryta flint glass Si, Ba, K. 

2. Ordinary flint glass ... Si, Pb, K. 

3. Plate and Window glass Si, Ca, Na. 

4. X-ray glass Si, B, N 1. 

All the above glasses, as will be seen, have silicon 
(Si) as their principal constituent, the transformation 
ultimate of which is neon. 

The next constituents of the first three glasses, barium, 
(Ba), lead (Pb), and calcium (Ca), are members of the 
series H2 n ; the transformation ultimate of which is 
helium. 

The alkali metals, sodium (Na) and potassium (K), as 
will be seen, are constituents of nearly all glasses, and 
their transformation ultimate, with other members of the 
series H», is hydrogen. Considering the wide diffusion 
of this element, the transformations of Hn when actually 
effected would be difficult to demonstrate. One of the 
two principal lines in the spectrum of thallium was masked 

* Thorpe’s Diet, of Applied Chffiistry, Article^-Glfl^ 
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completely by hydrogen C of atmospheric air for more 
than thirty years, when I discovered it in the arc spectrum 
while engaged in another research.* 

As the transformation of radium into helium was first 
effected, indirectly, through its hydrated halogen and oxy- 
gen combinations in aqueous solutions, so would the anhy- 
drous oxides of other members of the series H2 n (and of 
other series) be resolved into their ultimates through the 
medium of their silicates, acting as solutions, during the 
process of transmutation. 

All the silicates of the series H2 and some of other 
series, are easily vitrified in small quantities in laboratory 
crucibles and appliances. Their spectra can then be 
examined during electrification in tubes (under suitable 
conditions of temperature and pressure) for the discovery 
of new elements and the identification of those already 
known. 

It may be laid down as a canon of chemical science, 
that the members of any natural series of elements are 
never transformed into the members and ultimates of any 
other series. Thus neon is the permanent transformation 
ultimate of the series Hjn ; just as helium is the fixed 
ultimate of the series H2 n. Hence, also, helium and neon 
will be evolved from the vitrified silicates of calcium and 
barium. By the substitution of sodium and potassium 
for calcium and barium in their vitrified silicates, the 
transformation products would be neon and hydrogen, 
but without helium. 


Proc. Roy. Soc. t 1893 . 
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XIII. On the Influence of Atmospheric Pressure, 
Temperature and Humidity on Animal Metabolism. 

By William Thomson, F.R.S.E., F.C.S. 

( Read 3 Patch 21st, 1911 . l\c< ved Jor publication, April 22nd, 1913 . ) 

In a previous paper 1 I pointed out that in making 
determinations of the percentages of carbon dioxide 
(CO.,) contained in the air exhaled from the lungs of 
different persons, that on certain days the percentages of 
C 0 2 were all, or nearly all, relatively high whilst on other 
days they were all, or nearly all, relatively low. 

That a number of persons should be thus similarly 
affected gave presumptive evidence that the cause lay, not 
in the individuals, but in the conditions of the atmospheie. 

I therefore commenced a series of carbon dioxide 
(C 0 2 ) determinations in the exhaled air from a number 
of persons, making at the same time observations of the 
barometer, the hygrometer and the thermometer. 

I had previously determined that the percentage of 
CO a in the exhaled breath was greater when the air 
inhaled had been previously dried by passing over strong 
sulphuric acid, and I assumed therefore that it would be 
found that the metabolism would be greater when breath- 
ing dry than when breathing damp air. 

Determinations made showed greater percentages of 
C 0 2 in the exhaled air at high elevations than in the valley, 
and higher in the valley than at the bottom of a deep coal 
pit, and this led to the assumption that a fall of the 
barometer would produce an increase in the percentage of 
C0 2 (increased metabolism) whilst a rise in the barometer 

1 Read before the Seventh International Congress of Applied Chemistry, 
1909, London. Section VIII. A., Volume Hygiene and Medicinal 
Chemistry, p. 154. 
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would produce a decrease in the percentage of CCX 
(decreased metabolism). ' 

Determinations made when the body was surrounded 
by cold air showed greater metabolism than when it was 
surrounded by warm or hot air, such comparisons having 
been made in air at the ordinary temperatures as compared 
with the air of a Turkish bath. Other observations, how- 
ever, shewed that whilst the body remained in cold air the 
metabolism was greatly increased whilst breathing warm 
or hot air. 

Incidentally I may mention that the breathing of pure 
dry oxygen did not produce greater metabolism than 
the breathing of ordinary dry town’s air, although the 
oxygen was in such excess that a red hot tip on a splinter 
of wood burst into flame when put into a jar filled with the 
exhaled air, and finally that highly ozonised air produced 
a decrease in the metabolism. 

In considering the effects of the altered conditions of 
the atmosphere on animal metabolism not only must the 
counteracting influences of pressure and humidity be 
considered but also that of temperature and the con- 
dition of the person breathing, because we found that the 
metabolism was much increased for some time after taking 
violent exercise. 

Finally the mode of breathing had to be carefully 
taken into account, the percentage of C0 2 being increased 
by retaining the inspired air longer than usual in the 
lungs. 

The first experiments were made by breathing three 
times through a glass tube g-inch diameter into an 8-ounce 
bottle provided with an accurately-fitting well-vaselined 
glass stopper, previously expelling about a third of the 
breath to get rid of the residual air from the mouth and 
throat which had not been in contact with the lungs, 
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inserting the stopper when the tube was gradually with- 
drawn without stopping the exhalation. After removing 
the stopper under a concentrated solution of brine which 
had been saturated with carbon dioxide at the ordinary 
temperatures and pressures, a rubber cork provided with 
two glass tubes was then introduced into the mouth of the 
bottle under the liquid in the brine trough, the air dis- 
placed into a 100 c.c. gas burette and the C 0 2 absorbed by 
transferring the air into an absorption tube containing 
caustic potash (which surrounded the measuring tube to 
take up less space in the box). It was found, however, that 
although the results so obtained were as a whole relatively 
good, this method of collecting the exhaled air tended to 
make the individual conscious that he was breathing, and 
consequently the breathing tended to become abnormal. 

The final method adopted for collecting the exhaled 
air was by breathing into a metallic gas-holder dipping 
into brine, similar to that used in gas works, the gas- 
holder being counterpoised by weights. This device made 
it more easy to breathe naturally into the apparatus as the 
whole of the residual air from the mouth and throat was 
also introduced, and nothing required attention except 
the tap which was opened or closed as desired. 100 c c. 
of the mixed air from the gas-holder, after throwing away 
the first portion to clear the tubes, was taken into the 
gas burette and analysed as above described. 

Humidity. 

The humidity of the air was determined by the wet 
and dry bulb thermometers having a scale of 20 degrees 
to the inch. I do not consider these thermometers satis- 
factory. Subsequent experiments, in which very delicate 
thermometers were used having a scale of 20 degrees to 
7 \ inches, gave wonderfully accurate results when com- 
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pared with determinations made by passing measured 
volumes of air through a Stromeyer coil absorption tube 
containing strong sulphuric acid and weighing the moisture 
so absorbed. 

The humidity determinations can therefore only be 
regarded as roughly and approximately correct. 

The following figures and the diagrams shew the 
results obtained from the exhaled air from four persons 
breathing town air. 

It was found that under normal conditions an average 
gi eater metabolism takes place in one person than another. 
Thus the following persons are those whose exhaled air 
was analysed in the series of experiments to be put before 
you, and the following figures shew the ranges of CCb 
contained in them : — 

CO a contained in 
exhaled air in Town. 

IVt rent. 

Dr. W., age 38 37 to 4-2 

J. W. „ 22 5-4 to 6 2 

N. T. F. „ 21 3 6 to 4 3 

B. S. ,» 1 5 4-2 to 5-3 

These figures were obtained in my Laboratory in 
Manchester. It was found, however, in previous experi- 
ments that exhaled air containing about 4 per cent, in town 
rose to about 5 per cent, of C0 2 when breathing uncontami- 
nated air in the country, shewing an increase of about 25 
per cent, when the samples were taken in bottles as above 
described. 

In the final series of experiments (see Table at end) 
the determinations were made by the gas-holder arrange- 
ment between 9 and 10 in the morning and between 
2 and 3 in the afternoon of each day. It was found that 
in the afternoon the average results were somewhat 
higher than in the morning. 
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Guinea Pic; and Mouse Experiments 

With a view to finding whether the same relative 
results would he obtained from the exhaled air of guinea 
pigs and mice I endeavoured to find the method for 
obtaining the most satisfactory results. 

'The first experiments were made In putting the 
animal under a bell jai and dt awing air from it through 
strong sulphuric acid and then over soda lime to absorb 
the ( O), but I found by the appliances I used, suitable 
foi delicate weighing of the soda lime tubes, that I could 
not pass sufficient air through the bell jar to prevent a 
high contamination of the air breathed b\ the animal, 
and so the following was devised which enabled the 
animal to breathe comparatively pure air during the 
progress of the experiment 

A specially accurate gas meter, previously tested, 
capable of passing 12 cubic feet per hour, was connected 
on the one side to a vacuum pump and on the other to a 
large bottle to minimise the slight vibrations from the 
water pump 'Phis was connected by a glass tube with two 
bottles, each of 1 litre capacity, for receiving the breathed 
air for analysis. 

The ordinary air was drawn into the bell jar from 
outside the laboratory with glass tubes entering at the 
top and leaving at the bottom of the bell jar, after passing 
through a bottle of one litre capacity, in which the CO., 
in the air used was determined and deducted from that 
obtained after passing over the animal, the animal being 
supported above the perforated glass plate on which the 
bell jar stood by means of a piece of iron wiie gauze. 

The air from the bell jar passed along a tube which 
ended in a T-picce, the junction of which was provided 
with a two-way tap, by which means the stream of air 
could be diverted to the right or to the left at will. 
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Tubes were connected to the right and to the left tube of 
the T-piece respectively ; these were attached to the longer 
of two straight glass tubes passing through rubber stop- 
pers, one going to the bottom of the bottle, the other short 
glass tube only passing through the rubber cork, and 
these were connected with a corresponding but reversed 
T-picce and two way glass tap, and the stem of this 
T-piece was connected to the large bottle communicating 
with the meter and the water vacuum pump: thus, by 
turning on the water to the vacuum pump, air was drawn 
through the bell jar, and, through one or the other of the 
litre bottles standing side by side according to the direction 
in which both of the two-way taps were turned, and by 
reversing both of these taps the stream of air could be 
completely shut off from one bottle and passed through 
the other. This enabled me to take samples of the air 
without interfering with the continuity of the experiment. 

The carbon dioxide in the air in the litre bottles was 
determined by running in through the straight smaller 
glass tube wdiich penetrated the stopper, 15 c.c. of 
N. baryta water solution, shaking vigorously and then 
titrating with N. hydrochloric acid solution. 

The current of air passing through the bell jar was 
increased till the air in the bottles contained about 20 
parts by volume of C 0 2 per 10,000 of air. It was found 
necessary to pass air at the rate of about 80 to 100 litres 
equal to 2*8 to 3-2 cubic feet per half hour to give this 
result, the current being passed alternately through the 
two bottles till the C 0 2 found was about constant. 

The total weight of C 0 2 in the air used per hour was 
then calculated, and this was further calculated into 
grammes of C 0 2 per 1,000 grammes weight of animal, 
which was always weighed immediately before putting it 
under the bell jar. 
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Only a small number of experiments were recorded 
for the mice. It was found that they excreted besides 
acetamide certain amines or ammoniated compounds, 
which neutralised and fixed some of the carbon dioxide, 
and thus showed by the baryta water test a smaller pro 
portion of carbon dioxide than it should have done. 

The final results were obtained by putting the mouse 
on the top of several layers of blotting paper, previously 
saturated with a strong solution of citric acid, and dried, 
which fixed the amines and ammoniacal compounds and 
prevented them from interfering with the CO L > results. 

The figures obtained from the guinea pig experiments 
are shewn in the tables and charts appended hereto. 

From the results given it will be seen that, on all 
occasions where the barometer, hygrometer or thermometer 
alters appreciably, there is a corresponding change in the 
percentage of C0. 2 in the exhaled air of all , or nearly all, 
the persons or animals tested. A rise in the barometer 
producing a fall in the CQ 2 , and a fall in the barometer 
producing a rise in the C0 2 exhaled, and a marked 
increase in humidity producing a fall, and a decrease 
producing a rise in the COo exhaled. 

The rise of the temperature of the air produced a 
lowering of the C(X in the exhaled air, and a fall in the 
temperature produced a rise. The rate of the pulse seems 
to have no influence on the percentage of C0 2 in the 
exhaled air. 

The temperature (sub-lingual) of the body appeared 
also to have little influence on the C0 2 in the expired air. 

I have pleasure in acknowledging the services of my 
assistant, Mr. Norman T. Fox, who has carried out these 
series of experiments with great care and ability. 
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XIV. The Influence of Moisture in the Air on 
Metabolism in the Body. 

By William Thomson, F.R.S.E., F.I.C., F.C.S. 

( Read A pi il 8th , /9/j. Received fo> publication April 22nd, 1913 ) 


In a previous paper read by me before this Society 
( 2 1 st of March, 1 9 1 1 ), I endeavoured to shew that the 
changes in the degree or amount of metabolism going on 
in the body depend largely on alterations in the state of 
the atmosphere, such as those of temperature, pressure, 
and humidity — the lowering of the temperature, or of the 
pressure, or of the percentage of humidity of the air 
producing increased metabolism, as measured by the 
percentage of carbon dioxide (cai bonic acid gas) in the 
exhaled air from the lungs, whilst the raising of the 
pressure, or of the temperature, or of the percentage of 
humidity reducing the percentage of carbon dioxide 
(COo) in the exhaled air. All these atmospheric con- 
ditions are continuously and simultaneously altering, and 
the net results as regards metabolism may thus be deduced 
(within limits) from the nature and amounts of such 
changes. After writing this paper my attention was 
drawn to the very able memoir by Drs. J. S. Haldane and 
J. G. Priestly (Vol. XXXII., 1905, of The Journal of 
Physiology), which I read with much interest. Dr. Haldane 
expressed to me some doubt as to whether the degree of 
humidity would materially affect the percentage of C 0 2 
in the exhaled air, and in deference to his opinion as the 
highest authority in these matters I determined before 
submitting my previous paper for publication to further 


October jrst , fp/J. 
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investigate this subject on a larger scale than I had done 
previously. I therefore constructed an apparatus consist- 
ing of a lead tube, 3 inches diameter and 4J feet long, 
bent at right angles at both ends, flanged at each end, and 
provided with lead-covered lids and rubber washers fixed 
down by screws when the apparatus was not in use. 

This tube was filled with pumice stone and pure, 
strong sulphuric acid, poured in to about one-fourth its 
remaining capacity. An electric fan was connected with 
one end of this tube, through which air was drawn and 
delivered from the fan in a constant stream to give the 
supply of dried air, the air being comfortably and naturally 
inhaled from the stream and one exhalation, including the 
residual air from the mouth and throat, delivered into a 
small copper gas-holder, counterpoised by weights to 
allow the air to be put in without strain upon the lungs. 

The air from the drying apparatus was unfortunately 
not free from taste and smell, and it was then discovered 
that the sulphuric acid had acted upon either the lead or 
on impurities in the pumice stone and had produced 
traces of sulphur dioxide. This was fatal to the experi- 
ment, as it had been previously shewn by me that minute 
traces of irritating substances, such as exist in the air of 
towns, had the effect of largely reducing the percentage 
of C 0 2 in the exhaled air, as compared with the air of 
the country where these are absent. 

I endeavoured to prevent the formation of this im- 
purity by the addition to the sulphuric acid of a small 
quantity of chromic acid, but this introduced another 
unexpected impurity, viz., a trace of chlorine, and this 
appliance was finally abandoned in favour of a large 
bottle filled with broken glass and wetted with strong 
pure sulphuric acid. The warm air experiments were 
made by adjusting a coiled length of manganin wire 
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inside the tube leading from the fan through which an 
electric current passed to provide the required tempera- 
ture to the air. 

The alternate breathing of dry and damp air was 
made by three different persons, who breathed first the 
damp and then the dry air about 56° Fahrenheit and 
afterwards damp and dry air at blood heat (98° Fah.) ; in 
each case the “damp" air was, as nearly as possible, 
saturated with moisture at the two different temperatures. 

In these experiments the personal element enters to 
a large extent, and in one of the persons breathing these 
different atmospheres there was in some of the experi- 
ments no difference in the C 0 2 present in the exhaled 
air between the damp and dry air (cold air) He says on 
these occasions he suffered from cold, and this he thinks 
may have accounted for it, but as a whole, even in cold 
air, there is with him on the average a larger percentage 
of C 0 2 in the dry than in the damp cold air, and a 
considerable difference with him between the damp and 
dry war vi air. 

The total average increase for the three persons on 
the dry over the damp cold air amounted to 4 per cent., 
and on the dry over the damp warm air of 7*53 per cent. 

The following gives the figures obtained for each 
person under the different conditions : — 



CO„ IN EXHALED AIR. 
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XV. Experiments on Abel’s theory that Incombustible 
Dusts act catalytically in igniting weak mix- 
tures of methane and air. 

By Harold B. Dixon, M.A., F.R.S., 

AND 

H. M. Lowe, M.Sc. 

(Read January 21 si, 1913 Received for publication October 23th, 1913 ) 

In the year 1881 Sir Frederick Abel published a 
series of experiments on the effect of certain dusts in the 
propagation of an explosion. He had examined coal- 
dusts from various parts of the Seaham Colliery and 
arranged them in the order of “ sensitiveness.” He 
showed that these coal-dusts had the property of extend- 
ing an explosion in the presence of weak mixtures of 
fire-damp and air. Thus, although 3% methane and 97% 
air will not explode, this mixture exploded violently 
when coal-dust was suspended in it. In making these 
investigations Abel found that some of his most sensitive 
dusts, i.e , those which could cause explosion of the 
weakest mixtures, contained less coal- dust than others 
which were not so sensitive. He was thus led to try if 
perfectly incombustible dusts, such as calcined magnesia, 
etc., could of themselves extend or aggravate the effects 
of a firedamp explosion. He came to the remarkable 
conclusion that such was the case. He says in his report,* 
“ Mixtures of firedamp and air, in proportions bordering 
on those which will ignite on the approach of flame, are 
inflamed instantaneously if they contain in suspension 
only a few particles of such non-combustible dust.” 

• Report of Royal Commission on Accidents in Mines , r£S6, Appendix ix. 

, i* 

November asst, 1913. 
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Special experiments demonstrated that “some per- 
fectly non-combustible powders are very little inferior to 
the most inflammable or sensitive of the Seaham dust- 
samples ” in their power to bring about the ignition of an 
otherwise uninflammable mixture of firedamp and air. 

Abel’s experiments were carried out in a long wooden 
gallery fitted with observation windows. At one end was 
a Korting*s blower, capable of drawing air through the 
gallery at any rate up to i,oooft. per min. Near the 
opposite end the gas entered by a pipe fitted into the 
bottom of the gallery. The stream of gas and air passed 
a drum sieve, which on rotation allowed a supply of dust 
to fall into the gases below. About twelve feet further 
along the current passed the naked flame of a Davy 
lamp, or a gas flame. Air and gas in the ratio of 3% 
fire-damp to 97% air were passed through the gallery at a 
rate of 600ft. per minute. The lamp-flame produced no 
effect on this mixture, but when calcined magnesia was 
conveyed into the current, long “flares” of flame were 
seen on the lamp-flame, and “inflammation speedily spread 
through the gallery with feeble explosive effect.” With 
2 7S% fire-damp quite similar results were produced, but 
the general inflammation followed less rapidly after the 
first flares were observed. Other incombustible dusts, 
such as pumice, kaolin, etc , produced similar results, but 
some more rapidly than others. 

These results Abel explained in the following manner : 
“ The instantaneous raising of such small dust particles 
to incandescence by the flame must have the effect of 
localising, and consequently intensifying, the heat at those 
points ; and the ignition of the gas greatly diluted with 
air may thus be brought about,” The action is compared 
to the contact, or catalytic action of platinum, which, 
when it “is brought into contact with a mixture of 



Manchester Memoirs , VoL Iviu (1913), No. IS. 3 

hydrogen or hydrocarbon vapour with oxygen or air, 
oxidation .... is at once established and proceeds at a 
rapidly accelerating rate, as the chemical activity is pro- 
moted by the accumulating heat, so that the metal is 
speedily raised to a temperature sufficiently high to bring 
the surrounding gas mixture to the exploding point.” 

These conclusions were apparently confirmed by an 
experiment of Le Chatelier. Into a long vertical glass 
tube (about 4ft. x 3ms.) a mixture of air and gas is intro- 
duced in such proportions that on lighting it at the top 
the flame hovers about in the tube or slowly descends. 
If magnesia dust is now dropped into the tube through a 
Bunsen flame burning across the top of the tube, the flame 
rapidly descends with the dust to the bottom. 

But in the Le Chatelier experiment the dust is not 
suspended in the gas-and-air current, but is falling under 
the action of gravity through the mixture, A particle of 
magnesia heated by the Bunsen flame would carry a cap 
or small flare in its wake. If the gas mixture is non- 
explosive this flare does not spread, but forms a luminous 
tail to the falling particle ; but if the mixture is just 
explosive, the flame spreads sideways as the particle falls, 
and thus forms an inverted cone of flame with the falling 
particle at its apex. 

The importance of Abel's conclusion lies in the fact 
that the addition of a finely divided non-combustible dust 
has been adopted in some mines as a method of preventing 
the explosion of coal-dust, and it has been urged that if 
such non-combustible dusts may cause the explosion of 
less than 3 per cent, of firedamp, the remedy may really 
be introducing another danger into mines. 

This aspect of Abel’s work has naturally been con- 
sidered by the Home Office Committee on Explosions 
in Mines, who have carried out experiments both in the 
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laboratory and on the larger scale, in order to confirm or 
disprove the observations on which Abel founded his 
conclusions. 

Both the experiments made by Abel and the con- 
clusions he has drawn from them appeared open to 
criticism. When gas and air entering by separate 
pipes are drawn along a gallery a considerable time 
must elapse before there is complete mixture of the 
gas and air. Abel states that special precautions were 
taken to ensure mixture, and that analyses of samples 
taken at different places in the gallery proved that 
the mixture was complete. But from the description of 
the apparatus used it would appear that Abel depended 
on the length of “run” — about 16 feet— to bring about 
admixture. Now with a very rapid current the mixture 
might seem to be complete since the analysis of samples 
collected at the top and bottom of the gallery might be 
identical, but, nevertheless, the mixture might not be 
really homogeneous but streaky . In the experiments made 
at Eskmeals, with a gallery practically the same as Abel's, 
this was found to be the case. The “flares" produced in 
such a mixture were totally different from those formed 
when the gas and air had been thoroughly stirred together 
by being pulled through a sirocco fan. In the streaky 
mixture the flares were almost noiseless. They had very 
little charring effect and the discontinuity of the flame 
was evident; in the homogeneous mixture the flares 
became roaring flames, charring wood immediately. 

With less rapid air-currents the lighter gas flowed 
upwards and passed along the top of the gallery. A 
lamp-flame below only showed a small cap, while the 
mixture, a few inches above the flame, was explosive. 
The admission of dust to such a stream of gas and air 
might cause ignition of the mixture above if a particle of 
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dust heated by the flame was carried upwards a few inches. 
Such an ignition was seen to occur several times, and the 
flame then travelled along the gallery, both forwards and 
backwards, as described by Abel, “ with feeble explosive 
effect.” On the other hand, the admission of an incom- 
bustible dust to the current when the mixture of gas and 
air was complete had no effect on the cap or flare of the 
lamp-flame except to make it more luminous. 

While these experiments were being carried out at 
the Home Office Experimental Station at Eskmeals, we 
thought it worth while to test the theoretical explanation 
offered by Abel of the influence of finely divided dusts on 
explosions. 

According to Abel’s explanation, the warmed dust 
acts catalytically like platinum to bring about the oxida- 
tion of the firedamp that surrounds each particle, and 
this oxidation proceeds more rapidly as the particles get 
heated up by the chemical action, until finally the dust 
particles become incandescent. So far the explanation 
does not appear improbable or inconsistent with known 
facts. But Abel supposes that the dust particles when 
they have reached incandescence, owing to the heat of 
combustion of a portion of the firedamp mixture in which 
they are floating, can ignije the residual firedamp, and, 
moreover, the flame so produced can then propagate 
itself into regions where this initial catalytic combustion 
has not taken place. This catalytic action of the dust is 
similar, he says, to that possessed by platinum : and just 
as platinum brought into contact with mixtures of oxygen 
with hydrogen or hydrocarbons sets up a chemical action 
which raises the temperature of the metal until it causes 
the mixture to explode, so heated magnesia acts on fire- 
damp and air. 

If will be observed that the analogy with the action 
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of platinum on electrolytic gas is inexact Platinum 
ignites electrolytic gas because the combustion of the 
small proportion of the gas necessary to raise the tem- 
perature of the platinum to the “ ignition point " leaves 
a mixture which is still highly explosive in spite of its 
admixture with the steam formed. But in the case of 
the fire-damp mixture the proportion of methane is 
initially so low that it will not inflame in contact with a 
flame. The explanation therefore involves the supposition 
that a catalyst can cause a gas to lose part of its chemical 
energy as heat but at the same time makes it more chemi- 
cally * active ' in propagating a flame. If magnesia dust 
can effect this, a fortiori platinum might be expected to 
effect it. 

Two series of experiments were undertaken. 

1. The direct combustion of weak mixtures of coal- 
gas and air with and without non-combustible dust, on a 
small scale, in order to see whether any difference in the 
propagation of the flame could be noticed. 

2. The heating of a length of platinum wire in weak 
mixtures by an electric current to show that by this 
means a non-explosive mixture could not be made to 
explode, but rather that an explosive mixture thus treated 
would become non-explosive 6wing to the combustion on 
the platinum wire. 

i. Direct experiments with calcined magnesia dust 

The apparatus consisted of a thick vertical glass tube, 
37cm. long by 4cm. wide, closed at the bottom end, and 
fitted at the top with a cork. The cork carried a leading 
tube through which a previously made mixture of air and 
gas could be introduced from a gas holder. The leading 
tube went to the bottom of the wide tube, and was drawn 
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out to a narrow jet Dust could be placed in the bottom 
of the tube, and on introducing the gas it was blown 
about in the form of a light cloud. Through the cork 
two brass wires were inserted, by means of which an 
electric discharge could be passed at any point in the 
tube. A hole was also bored in the cork as an exit for 
the gas, and was left open during all the experiments. 

A mixture of 15% of Manchester coal-gas with 85% 
of air was made and stored in a gasholder over water. 
A portion was passed into the apparatus and an electric 
discharge passed between the brass wires. The gas 
exploded violently and the cork was blown out. In the 
next experiment magnesia dust was introduced, the gas 
blown in and exploded as before. In this case a yellow 
flame was produced instead of a blue one, but no other 
difference was observed. 

Nine per cent, coal-gas sparked near the bottom of 
the tube is immediately burnt up, but when sparked near 
the top of the tube the flame slowly travels downwards, 
with a peculiar “jelly-fish 99 flame at a rate of several cm 
per second. The introduction of dust only made the 
flame more luminous, but did not otherwise affect it 

Eight per cent, of gas sparked at the bottom of the 
tube was burned completely, but the flame would not 
travel downwards when sparked at the top. The same 
facts were observed when dust was present. 

Seven per cent, of gas behaved similarly to 8 % in all 
particulars* 

Six per cent, appeared on the lower limit of explosive- 
ness, often not exploding with the first spark, but only 
after two or three discharges. Dust did not make it 
explode any more easily or more frequently. 

These experiments Show conclusively that on the 
smalt scale at least the presence of calcined magnesia 



8 DIXON & Lowe, Experiments on Abel's theory. 

does not have any such effect as that described by Abel. 
That it does not alter the lower limit of explosiveness is 
shown by the 6 % mixture ; and that the character and 
rate of propagation of the flame is not altered is shown 
by the experiments with the 8 % and 9 % mixtures. 

2 Effect of Electrically Heated Platinum Wire on 
Weak Mixtures. 

The apparatus used consists of a glass tube 3" diameter 
10" long, fitted with a rubber stopper bored to fit two 
glass tubes and four brass wires. The glass tubes are 
fitted with taps for leading in the gas The brass wires 
are connected to the secondary circuit of an induction 
coil, and a spark can be made to pass between the ends. 
The wires are connected through a variable number of 
lamps to the 200 volt lighting circuit, thus heating a 
platinum wire. 

A short platinum wire (44 cm.) heated by a current 
which in air brings it to a full red heat, when immersed in 
a mixture of coal-gas and air containing 8% of coal-gas, 
glows very brightly, and may even get so hot as to fuse. 
As soon as the wire leaches a certain temperature (the 
ignition point of the gas), the gas explodes. 

When the same wire is only gradually heated, by a 
regulated current, not allowing it to get above a dull 
redness for about a minute, it may then be heated to 
whiteness, or an electric spark may be passed without 
exploding the gas. The reason for this is that so much 
oxidation of the hydrogen present has taken place that 
the composition of the mixture has been reduced below 
the explosive limit (about 6% coal-gas). 

A platinum wire 1 metre long, heated by a current, 
which in air brings it to dull redness, when heated in 8% 
mixture glows brightly but does not explode the gas. 
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So long a wire has, of course, a much greater surface than 
the shorter wire, and consequently a much larger pro- 
portion of the gas will burn on the wire before it reaches 
the ignition point of the mixture. So rapidly is the 
composition of the mixture reduced that a spark passed 
several seconds later would not explode the gas. 

Experiments were tried to find exactly how long was 
necessary for the gas to be treated in order to just bring 
it to a non-explosive point. The platinum wire was 
heated by a current sufficient to bring it to very dull red- 
ness in air. When heated in an 8 % mixture it glowed 
brightly, and when a spark was passed eight seconds after 
the heating current had been turned on, it was found that 
the gas would not explode. When the spark was passed 
seven seconds after the heating current had been turned 
on, a feeble explosion resulted. 

A sample of 8% coal gas taken at a different time 
was reduced to a non-explosive point in seven seconds 
but not in six seconds. 

On the other hand, a sample of 6 % coal-gas which 
was not capable of being exploded by a spark was tried 
in order to see whether by any heating of the platinum 
wire it could be made to explode. 

It was found that no explosion was produced either 
by gradually heating the wire as in previous experiments 
or by suddenly heating it, even to a white heat. The gas 
could not be exploded by a spark passed immediately 
after the current had been switched on. • 

In this experiment the ideal conditions demanded by 
Abel have been reproduced. The platinum surface, to 
represent the dust has been heated, combustion takes 
place on its surface, thereby intensifying the heat, but it 
does not bring about (as Abel said) the general ignition 
of the gas greatly diluted with air. 



to Dixon & Lowe, Experiments on Abel’s theory. 

From the above experiments it may, therefore, be 
concluded : — 

1. That the presence of a non-combustible substance 

does not cause the ignition of a weak gas mixture 
which is not ignited by the flame or a spark. 

2. That if any local combustion takes place on the 

dust, causing self-heating, such an action causes 
the remainder of the gas to be less explosive, and 
not more explosive. 
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XVI. The Root apex and Young Root of Lygitwdendron . 
By F. E. Weiss, D .Sc., F.T.S. 

( /’/ 1 si dent of the Sodety.) 


{Read November 26th, 1913. Received for publication September gth* 19 ! 3- ) 

The great interest which has centred round Lygitw- 
dettdron, the fronds of which are so conspicuous an 
element of the plant remains of our Coal Measures, is 
due to the gradual recognition that, far from being an 
ordinary Fern, it and its allies occupied in many respects 
an intermediate position between the Ferns and the 
Flowering plants. The first points of resemblance to 
the lowest groups of the latter, the Cycads, were dis- 
covered by Williamson and Scott, who investigated 
their vascular anatomy. They weie considered to be of 
sufficient importance to warrant the separation of Lygino- 
dendron from the Filices and the placing of this plant 
and the nearly allied Ilctcrangium in a new group, the 
name of which, Cycadofilices, indicated the intermediate 
position of the plants as a link between Cycads and 
Filices. Since the discovery by Oliver and Scott that 
Lyginodendron bore like the Cycads true seeds, the term 
Pteridospermae has appropriately superseded that of 
Cycadofilices as the name of the group which is now 
known to have included a much larger number of fern- 
like plants of our Coal Measures than was at first thought 
to be the case. For this reason the term Pteridospermae 
is, on the whole, preferable to that of Cycadofilices, for it 
may well turn out that some of the seed-bearing ferns 
had little direct affinity with the Cycads. As I have 

November 29th, 191J, 
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pointed out elsewhere, Professor Chodat, 1 of Geneva, 
throws some doubt on the Cycadian affinities even of 
Lyginodendron and Heterangium , and it becomes of in- 
terest, therefore, to investigate detailed points of anatomy 
in further elucidation of the structure of any of the 
members of the Pteridospermae. 

Among some of the most beautifully preserved plant 
remains from the calcareous nodules found in and im- 
mediately above some of our Lancashire coal-seams are 
the young root-tips of Lyginodendron. One of these 
was figured by Stopes and Watson in their memoir “ On 
the Present Distribution and Origin of the Calcareous 
Concretions in Coal Seams,” (See PI., Fig. i),‘ 2 as indica- 
ting the very perfect preservation of delicate growing 
tissues of some of the Coal Measure plants. I have 
for some time been collecting preparations of these 
root tips with a view of their further study. In most of 
our recent ferns belonging to the Lcptosporangiatae, the 
root-apex is occupied by a single cone-shaped apical 
cell, while in the Marattiaceae, which are now generally 
regarded as some of the more ancient of living ferns, a 
group of initial cells is responsible for the further growth 
of the root. The Osmundaceae occupy in this respect an 
intermediate position between the bulk of the Lepto- 
sporangiate Ferns and the Marattiaceae. For as Bower 
has shown, 8 in the roots of Osmunda and Todea various 
irregular and intermediate conditions have been found 
between the Marattiaceous type, with four prismatic 
initials, and that of the Leptosporangiate Ferns, where 
only one occurs. 

1 Chodat R. Les Pteropsides des temps palaeozoiques. Archives des 
Sciences physiques et naitt relies, Genlve. Tome XXVI., 1908. 

8 Phil. Jicins., vol. 200, 1908. 

3 Rower, I<\ O. Annals of Botany , vol. V., 1889, p. 109, and also 
“ The Origin of a Land Flora,” 1908, p. 650. 
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From the earlier specimens of young Lyginodendron 
roots which I examined, I concluded that it was probable 
that they agreed with the Marattiaceous type, but the 
further specimens I have now had an opportunity of 
examining, have led me to somewhat modify my view. 
Even in the case of existing plants, it is not always easy 
to be certain whether a growing point possesses a single 
apical cell, and, in the case of fossil root tips, of which only 
one longitudinal section is usually available, it is still more 
difficult, because it is often impossible to tell whether the 
section under examination is strictly median or not. In 
the case of a transverse section, too, if a group of initials 
appear, it is quite possible that the section has been taken 
below the actual apical cell. 

Fig. I is an accurate camera lucida drawing of one 
of the best longitudinal section through the root-apex of 
Lyginodendron , and is the same as the one referred to 
above as figured by Stopes and Watson. {Phil. Trans., vol. 
200.) It is on slide R. 646 in the collection of the Man- 
chester Museum, formerly in the possession of the late 
Mr. Thomas Hick. The slide is prepared from the 
well-known Dulcsgate material, and contains numerous 
fragments of stem, roots, and petioles of Lyginodendron. 
The total length of the portion of the root-tip, including 
the various layers of the root cap is only *65 mm., the 
widest portion of the root being *21 mm., while near the 
apex the root narrows down to *07 m.m. 

To enable an estimate to be made of the extreme 
delicacy of these lateral roots, it may be stated that an 
average-sized root-tip of Aspidium is from two to three 
times the width of this particular root of Lyginodendron . 
Nor is this one the most delicate, for other longitudinal 
sections measured about the same distance behind the 
apex varied from 16 to *24 mm. in diameter. 
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Some justification is perhaps needed for assigning 
this and similar root-tips to Lyginodendron. Their fairly 
constant association with undoubted older roots of 
Lyginodendron would in itself be insufficient evidence, 
were it not strengthened by a very large series of rootlets 
showing every stage of transition, from root-tips in which 
no vascular tissue is as yet to be seen, to fully mature 
rootlets showing the typical structure of Lyginodendron. 
In addition, we find in all the rootlets evidence of the 
differentiation of the more external into an outer large- 
celled tissue and an inner small-celled cortex, the latter 
possessing numerous secretory sacs with dark contents. 
The presence and position of these latter cells renders 
the identification of the rootlets a fairly easy matter. 

The first examination of the root-apex shown in 
Fig. i, particularly as on focussing somewhat deeply a line 
marking the limit of the plerom cylinder becomes 
visible, led me to infer that the roots did not possess a 
single apical cell ; but a closer examination has caused 
me to believe that the section is not sufficiently median to 
enable this conclusion to be drawn from it. In the upper 
part of the rootlet, which, as can be seen from the smaller 
diameter, is cut tangentially, a secretory sac is shown 
in the middle portion of the section, which indicates that 
the section here shows only cortical tissues and not those 
of the central cylinder. Nearer the apex, though the 
limits of the central cylinder can be made out by focus- 
sing more deeply, the same still holds good, and the small 
dark cell near the centre of the section is still one of 
the secretory cells of the cortex and not part of the 
central cylinder. It follows, therefore, that the evidence 
of this somewhat tangetical section will not warrant the 
conclusion that the /oot did not possess a single apical 
cell. 
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On the other hand, the series of layers of the root-cap 
is rather suggestive of these having been cut off seriatim 
from a single apical cell. It will be seen that the root-cap 
is very massive, and extends a considerable way back 
from the apex. In the section under consideration the 
cells of the root cap have become much compressed and 
blackened, probably due to their disorganisation, except 
near the root-tip, where they are distinct and can be seen to 
be of large size. On another root tip {Fig. 2), where they 
are better preserved, the cells can be seen to be two to 
three times the diameter of the meristematic cells and 
many times the length. 

Among the more numerous transverse sections 
through young root, the one represented in Fig. 3 is 
so close to the apex that it includes the remains of 
the disorganised root-cap to the outside. Only -15 mm. 
in diameter, it occurs on a slide (R 617), crowded with 
remains of Lyginodendron roots of all ages. The trans- 
verse section of this root apex shows four very distinct 
external layers of cells, which can readily be identified 
with he corresponding tissues of the older roots. The 
outermost two layers, consisting of large cells closely set 
together, are the two characteristic layers of the Lygino- 
dendron roots, called exodermis by Scott. The outermost, 
as will be seen from an examination of the longitudinal 
sections, might be considered to be of epidermal nature 
The third layer, from the brown contents of some of its 
cells, can be easily identified with the inner cortex. On 
the inside of this tissue small intercellular spaces can be 
observed in some parts of the section. Next comes the 
endodermis, composed of six very clearly defined cells. 
The number and very regular arrangement of these cells 
reminds one of the condition of young fern roots, and is 
very suggestive of the origin of the tissues from a tetra- 
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hedral apical cell. In older parts of the root, of course, 
the number of endodermal cells becomes materially 
increased, but in young roots, where the number six is 
exceeded, nine and fifteen are not uncommon though they 
do not always run in multiples of three. But this number 
six, a little way behind the apex, is what one would expect 
in a root with a three-sided apical cell, though it might 
also occur in a root with a group of three cells, which is, of 
course, also a possibility. The cells of the central cylinder 
are very small compared with those of the outer layer. 
In the transverse section under consideration they are 
somewhat defective on the upper side of the section, where 
only the most centrally lying cell is clearly visible, but on 
turning the slide over the other walls can be more or less 
clearly seen. It will be seen from the drawing of them 
made with the camera, that they are somewhat irregularly 
arranged. They are only small in number, and their general 
arrangement is more reminiscent in this early stage of 
such a fern root as Azolla rather than of Aspidium. 

In the young stage represented in Fig. 3 no vascular 
tissue is formed, but it becomes differentiated very 
early, one protoxylem group making its appearance 
first, to be followed shortly by a second one {Fig. 4), the 
two groups becoming subsequently connected by meta- 
xylcm elements. Both these stages are frequently met 
with among the sections of delicate rootlets. Triarch 
arrangement is only found in rootlets of greater diameter. 
Whether 'triarch roots arise from the delicate diarch ones 
it would be difficult to say ; but in one of the smaller 
triarch roots there were indications of one of the proto- 
xylem groups having arisen later than the two others. In 
very young roots the tissues of the central cylinder are 
often defective, and frequently only a single or a couple of 
tracheids are found adhering to the inner wail of the 
endodermis, the other cells having perished {Fig. 4). 
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One other point seems worth mentioning. I have 
endeavoured to trace the origin of some of these delicate 
lateral rootlets from the roots from which they sprang, 
and in a number of instances have found such con- 
nections. My object was to find out, if possible, the 
orientation of the diarch plate of the rootlet to the axis of 
the parent root. In the few cases in which it was possible 
to observe this connection the diarch plate was found to 
be vertically placed. Owing, however, to the defective 
preservation of the tissues of the central cylinder referred 
to above as well as to the frequent obiquity of the section, 
it was not easy to select a very convincing section for 
reproduction. I give, however, a camera lucida drawing 
of one (Fig. 5 \ in which the vertical plate of tracheids of 
the emerging rootlet is fairly clearly seen. The interest 
of this particular point in the anatomy of the rootlet lies 
in the fact that Van Tieghem 4 has pointed out that one 
of the differences between the vascular Crygotagams and 
the Phanerogams is to be found in the orientation of the 
plate of tracheids of lateral rootlets. In the former the 
plates stand horizontal, in the latter vertical. Lygino- 
dendron would, therefore, in this particular agree with the 
Flowering Plants rather than with the Ferns. 

I am aware that the facts concerning the root-apex 
of Lyginodendron given in this communication may 
appear to be somewhat meagre, but it seemed well to 
put them definitely on record, as they are the result of an 
examination of a very large number of rootlets, and so 
far no detailed account of them has been given. Scott 6 
refers to the apparent absence of a definite apical cell 
which I had considered probable on first examination of 
the only section then known to me which passed through 

4 Van Tieghem. Traite de Botanique. 2 e Edition, 1891, p. 705. 

5 Scott, D. H. Studies in Fossil Plants, 1909, vol. ii., p. 387. 
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the root-tip. But, as I have endeavoured to show in this 
paper, this and other longitudinal sections through root- 
apices which I have since examined seem to me not to 
be quite median, and as the meristematic cells are small, 
it is more probable that the absence of a definite apical 
cell in the section is to be attributed to the somewhat 
tangential nature of the section than to the absence of 
a single apical cell. This conclusion is based upon the 
examination of transverse sections which pass close to 
the apex, and in which the regularity in the arrangement 
of the tissues suggests a structure of the apex resembling 
that of recent Leptosporangiate Ferns. Of course it is 
possible that the more delicate lateral rootlets like those 
described above possessed a single apical cell, while the 
more massive adventitious roots emerging from the stem 
were provided with a group of initials. Our knowledge 
of root- tips of the recent Osmundaceae makes such a 
suggestion possible. As attention has now been drawn 
to the occurrence of these young root tips, it is probable 
that other observers may be able to supplement the 
information given above, and truly median longitudinal 
sections may be found from which we can conclusively 
prove the existence or non-existence of a single apical 
cell. 
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EXPLANATION OF PLATE. 

Fig. i, — A longitudinal section of root-apex of Lyginodendron 
from preparation in the Manchester Museum. Slide 
R 646. x 125. The section is slightly tangential. 
Indications of the central cylinder are visible, but the 
actual initial or initials of the apex are not seen. 
s.c. -» secretory cells of inner cortex ; three of these are 
nearer the root-apex. r.c. = root cap. This massive 
root cap seems to be made up of a series of layers. 

Fig. 2 . — Longitudinal section root-apex of young root-apex of 
Lyginodendron from Slide R 614. x 150. This 
section shows the large size of the cells of the root 
cap. The section is tangential, so that none of the 
secretory cells of the niner cortex are seen. 

Fig. 3.— A tranverse section of rootlet of Lyginodendron taken 
very near the apex, as can be seen from the remains 
of the root cap (r.c.) surrounding it. Slide R. 617 in 
the Manchester Museum, x 244. The outermost 
two layers are the characteristic exodermis, s.c. - 
secretory cells of inner cortex. Note intercellular 
spaces en. * endodermis consisting of six cells. 

Fig. 4 — Section across a young rootlet, showing distinctly the 
exodermis, the thin walled inner cortex, with secretory 
cells, the entodermis and the two groups of proto- 
xylem of the diarch root. 

Fig. 5. — Longitudinal section through a rootlet of Lyginodendron 
at a point where a lateral rootlet is cut across. A 
vertical row of tracheids of this diarch rootlet is seen 
near the centre of the section Slide R. 1025-6 in 
the Manchester Museum. X125. 
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XVII. Bessemer, Goransson and Mushet : AContribu 
tion to Technical History. 

By Ernest F. Lange, 

M.I Mech.E., Assoc.M.Inst.C.E , M I.&S.Inst., F.C.S. 


( Read May 6th, 19T3. Received for Publication , 
August 29th, 19/3.) 


No one can study the history of the Bessemer process 
of steel-making without feeling that no adequate attempt 
has ever been made by any writer on the subject, includ- 
ing Bessemer himself, to place, in their proper light and 
exact significance, the parts played by Goransson and 
Mushet in the successful development of this epoch- 
making process. 

Shortly after the death of Sir Henry Bessemer in 
1898, I discussed this matter with my father-in-law, the 
late R. M. Daelen, of Dusseldorf, the well-known authority 
on iron and steel manufacture, who was acquainted with 
all the three men above mentioned — in fact, intimat ely so 
with Bessemer and Goransson — and he agreed that a 
useful contribution to the history of metallurgy could be 
made by preparing an exact analysis of the facts sur- 
rounding the transition stage of the Bessemer process 
from its early failure into a success, so important in its 
results as to rank next to the discovery of the steam- 
engine in its effects upon the civilization of the world. 

I had already collected matter bearing upon this 
subject in connection with a lecture upon the Bessemer 
process in Crewe, which I delivered in the December of 


December 30th, ipij. 
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1894, and this was then added to by my father-in-law 
who, by reason of his honourable position, was in close 
touch with the affairs of the iron and steel world, but up 
to the time of his death in 1905, we had neither of us 
worked up the material thus available into the form of a 
complete argument. 

Since that year, I have frequently considered the 
feasibility of presenting this in the form of a Taper before 
one of the learned Societies, but the small amount of 
leisure which I have, afforded little opportunity for the 
necessary preparation. However, in response to pressure 
on the part of some of my friends, and in remembrance 
of the fact that this year is the centenary of Henry 
Bessemer’s birth, I have more recently endeavoured, in 
what spare time I could find, to fashion my notes into a 
condensed but readable sequence, and in asking this 
Society to do me the honour of allowing me to present 
them within the walls sacred to the memory of Dalton 
and Joule, I feel that the subject matter of my discourse 
which is intimately, indeed principally, concerned with 
the application of the exact sciences to the service of 
industry, will be appropriate to the surroundings. 

Henry Bessemer was born on January 19th, 1813, 
at Charlton, near Hitcliin, in Hertfordshire. From his 
father, Anthony Bessemer, he seems to have inherited his 
love of science and mechanical skill. Anthony Bessemer 
was undoubtedly a man of genius. He was born in 
London, and, at an early age, emigrated with his parents 
to Holland. Here he was brought up as a mechanical 
engineer, and, at the age of twenty-one, he went to seek 
his fortune in Baris. We find that five years later he was 
elected a member of the French Academy of Sciences, 
for improvements in the microscope. Later he was 
employed at the Paris Mint, where he made and worked 
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the first copying-machine for reproducing engraved work. 
At the time of the French Revolution, he fled to England, 
narrowly escaping with his life. Here he married, and 
settled in the little village of Charlton. Here, also, he 
started the trade of type-founding, and, together with his 
partner, Caslon by name, built up a flourishing business. 
Here in this village, Henry Bessemer was born, and from 
his earliest youth was brought into contact with the 
skilled mechanical work of the type-foundry. When he 
was seventeen years of age, the family removed to Camden 
Town, in the north of London. Here he made the 
acquaintance of the Allens and Longsdons, an event of 
great import for his future. 

Bessemer made his first step towards independence 
by turning to commercial account his hobby of the making 
of art-castings. When twenty years old, he was already 
an exhibitor at the Royal Academy. 1 From this he 
passed on to the production of decorative stamping-work, 
in which his father’s experience at the Baris Mint proved 
useful. We find him also at this date considering a 
method of preventing the transfer of Government stamps 
from old to new deeds, a practice which, he was informed, 
was causing the Stamp Office a loss of revenue of about 
^100,000 a year. This he accomplished by his invention 
of the method of dating stamps by perforation. Not 
having patented this invention, he received no reward for 
the same, in spite of official promises. Forty-five years 
later, when wealthy and celebrated by reason of other 
achievements, he was knighted for the invention thus so 
unjustifiably appropriated. His unfortunate experience 
with the Stamp Office turned young Bessemer from an 
amateur into a man of business, and we find him making 
money by many ingenious mechanical processes. At the 
1 See Ure’s “ Dictionary of Arts, Manufactures and Mines.” 
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age of twenty-one, he married the daughter of his friend 
Richard Allen — a happy partnership that lasted until her 
death sixty-three years later, in 1897, within a year of his 
own death. 

Following upon his marriage, Bessemer invented his 
beautiful and profitable process for the production of 
imitation Utrecht velvet,* and in 1843 he started his 
secret process of manufacturing bronze powder, which, 
with the help of his brother-in-law, Richard Allen, junior, 
was to run for nearly forty years, and which provided the 
money for his early steel-making experiments. 

We now find Bessemer engaged in improvements in 
sugar-making machinery and glass-making machinery, 
which were exhibited in the International Exhibition of 
1 85 1. 8 At this time, he had as confidential partner in his 
drawing office, Robert Longsdon, who afterwards became 
his brother-in-law. 4 

The Bessemer Steel Process. 

The history of the Bessemer process begins with the 
invention, in 1854, of a rotating projectile for the, then, 
smooth-bore guns, and which the War Office, with its 
usual conservatism, ignored. Bessemer, however, succeeded 
in interesting Louis Napoleon, later Napoleon III, in his 
invention, and money for experiments was advanced by 
Napoleon, he himself being the authoi of an important 
work on artillery.® 

2 Samples of some of the earliest pieces of this imitation embossed 
Utrecht velvet came into the possession cf a friend of the family — Sir William 
Railey, of Salford — and some correspondence relating to the same will be 
found in the Appendix, Note 1. 

8 See Appendix, Note 2. 

4 Another Longsdon (Alfred) ultimately became the representative of 
Krupp, of Essen, in England. On the death of Alfred Longsdon — then a 
director of Krupp — August Reichwald became the sole representative in the 
United Kingdom for the Krupp Company. 

8 Napoleon, Etudes sur le passe et 1 ’avenir de Uartillerie. Paris, 1846. 
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Section of car 1 } Bessemer Converter as worked 
U Baxter House, St. Pancras, 1856, with bottom 
stoppered ladle and hydraulic ingot mould 
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A chance remark by Commandant Minte — the in- 
ventor ol the rifle of that name — who attended one of the 
experiments — that the new projectile would require a 
better gun than one of cast-iron, led Bessemer on to the 
path of expei iment, which culminated in his process of 
forcing air through molten pig-iron, and, by thus removing 
the silicon, manganese, and carbon, to conveit the same 
into steel. 

Bessemer first began by fusing pig-iron in a reverba- 
tory furnace and then adding broken bars of blister steel.® 
This furnace was specially constructed to give a high 
temperature, and, in ordei to obtain a better combustion 
of the gases, a hollow bridge, with numerous perforations, 
was employed to admit of hot an being introduced This 
hot air was found to produce decai burization of the metal, 
and an accidental occuncnceof almost complete decarburi- 
zation of the exterior of some pieces of pig-iron in this 
way, led Bessemer to the idea of ttying to decarburize 
molten iron by a stream of aii 7 To try this, he brought 
a perforated pipe into a crucible containing molten iron, 
but without lemoving the crucible from the furnace In 
half an hour the blowing was found to have converted the 
grey pig-iron into soft malleable iron. Following upon this, 
Bessemer conceived the idea of trying the effect of blowing 
air through liquid cast iron without external heat, and, to 
do this, he fitted up a simple form of cylindrical converter 
about 4ft. in height and fitted with six horizontal tuyeres 
round the bottom of same. This converter, in a somewhat 
later and more elaborate form, is shown in PI I. A blast of 

9 It is probable that Bessemer knew of Fairbairn’s experiments of melt- 
ing scrap-iron with pig-iron. Fairbairn, however, did this in a cupola, and 
the resultant product therefore contained too much sulphur. 

r Bessemer was aware of Nasmyth’s patent, May 6th, 1854, for blowing 
steam through iron in a puddling furnace. 
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io to 1 5lbs. pressure was now turned on and about 7cwt. 
of molten pig-iron introduced. A violent reaction took 
place, and, at the end of about 20 minutes, the converter 
was tapped out into a mould and the metal was found to 
be an ingot of malleable iron. An hydraulic arrangement 
for forcing this ingot up out of the mould was connected 
to this converter. This is clearly shown in the illustration. 
Bessemer had now proof of the fact that molten pig-iron 
could, without the employment of any further fuel or 
skilled manipulation, be raised within half an hour to a 
temperature hitherto unknown in metallurgy, with re- 
moval of the carbon, silicon and manganese, and that, 
therewith, an industrial revolution had been born. A similar 
experiment was shown by Bessemer to his friend George 
Rennie in the August of 1856, who was so astonished 
at the result as compared with the long and expensive 
processes of steel-making as then practised, that he begged 
Bessemer to at once publish his discovery, by writing a 
paper upon the same for the forthcoming meeting of the 
British Association at Cheltenham. This Bessemer did, 
entitling the same “The Manufacture of Malleable Iron 
and Steel without Fuel.” How fantastic this title must 
have appeared to the iron and steel trades is shown by a 
story told by Bessemer of an experience on the morning 
of the day of the meeting. Bessemer says in his auto- 
biography 8 : — 

“On the following morning (August 13th), while finishing 
“my breakfast at the hotel, I was sitting next to Mr. Clay, the 
“ manager of the Mersey Forge, to whom I was well known, 
“when a gentleman who turned out to be Mr. Budd, a well- 
“ known Welsh ironmaker, came up to the breakfast table 
“ and, seating himself opposite to my friend, said to him, “ Clay, 

“ I want you to come with me into one of the Sections this 
“ morning, for we shall have some good fun. There is actually a 

R Sir Henry Bessemer, F.R.S., “An Autobiography,” published by 
Engineering , 35 and 36, Bedford Street, Strand, W.C., 1905. 
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“fellow come down from London to read a paper on the 
“manufacture of malleable iron without fuel.” 

“ Oh,” said Mr. Clay, “that’s just where this gentleman and 
I are going.” 

The paper created the sensation that might have been 
expected. The first speaker in the discussion was James 
Nasmyth, who referred in glowing terms to the novelty of 
the process, whilst he was followed by Mr. Budd, above 
referred to, who made the amende honorable by generously 
offering Bessemer an opportunity of testing the process 
commercially at his ironworks free of cost. 

On August 27th, fourteen days after the publication 
of the paper in The Times newspaper, the proprietors 
of the Dowlais Iron Works, on the recommendation of 
their chemist, Edward Riley, took out the first licence for 
the process, and, in less than one month, sales of royalties to 
the amount of ^27,000 had been made. Surely no other 
invention ever so quickly revealed such visions of riches, 
and yet, in the very hour of triumph, the elements of 
disaster were gathering. This was due to the fact that the 
material used by Bessemer for his first experiments, and 
ordered by him merely as pig-iron, was supplied by some 
London founders from a stock of good-quality grey Blaen- 
avon iron, and, all unknowingly, suitable for the require- 
ments of the Bessemer process, as regards the generation 
of heat in the blowing operation. It was, therefore, 
imagined by Bessemer and his first licensees that any 
kind of pig-iron was suitable for the pneumatic process, 
and the ironmakers took their own brands to experiment 
with, not knowing that what was right for the refinery or 
puddling furnace was wrong for converters lined with 
silicious materials. The result was that the first licensees 
found that all they obtained was a decarburized, rotten, 
red- and cold-short, and, therefore, worthless material. 
In this connection I cannot do better than quote here a 
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letter by Mr. Edward Riley, a copy of which Mr. Harold 
Jeans of the Iron and Coal Trades Review has kindly sent 
me : — 

To the Editor of the Iron and Coal Trades Review, 

Sir, — In The Times of September 25th, 1856, Mr. 
Henry Bessemer’s (late Sir Henry Bessemer’s) paper on the 
manufacture of wrought iron without fuel, read on the 
previous day at the meeting of the British Association at 
Cheltenham, was published. 

Mr. Menelaus, of Dowlais, on the afternoon of the same 
day, drew my attention to the paper, and asked my opinion 
about it. I thought it feasible, and, the same evening, I made 
an experiment in a small Sefstrom furnace, the interior 
being about the size of an ordinary tall hat, lined with 
fire-clay, and having eight small holes about an inch from 
the bottom. To these holes were adapted, from the blast- 
furnace pipes, the ordinary blast, from -i to 3II). pressuie. 
About 7 to 81b. of molten foundry iron was run into the 
furnace, and the blast was turned on. Distinct evidence of 
chemical action took place, although, owing to the small 
mass of metal, the iron soon became solid. 

This small experiment was considered so far satisfactory 
that Mr. Menelaus requested me to erect a small furnace on 
a laiger scale, so as to operate on a few hundredweights of 
metal. 

I then built a small furnace 1 foot 9 inches square in 
9-inch brickwork, with a tap-hole, and about 6 feet high, 
close to No. 18 furnace at the ironworks, so as to ensure a 
supply of all-mine foundry iron. About two inches from the 
bottom, on each side of the furnace, I inserted two tuyeres, 
made of f-inch wrought-iron gas-tubing, the nozzle being 
reduced to a bare i inch. After drying the furnace, about 
2 or 3 cwt. of molten foundry iron was run in. The ordinary 
blast was then turned on, and, to the surprise of numerous 
spectators — I cannot remember if Mr. Menelaus was 
present, Mr. Edward Williams certainly was — a violent 
chemical action took place. The temperature was intense, 
and it was evident that all the reactions took place that are 
now so well known in the ordinary Bessemer process. 

I stood on the top of a hot-blast stove and watched 
the process for, as far as I remember, fully half an hour. 
The furnace was then tapped and the contents were run out. 
They appeared to be nothing but cinder. Underneath 
the cinder was a small mass of metal — I should say not more 
than from 14 to 2ilb. This was taken to the mill and rolled 
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into a bar ii inch by (five-eighths) inch. A piece of the 
same bar I have still in my possession. The bar could be 
bent to a fair extent, but broke with a crystalline fiacture. 
Analysis gave : — 

Per Cent. 
Trace, 
o 099 
0*068 
0753 
nil. 
nil. 
nil. 

99 080 
100 000 

The bricks by the tuyeres were completely eaten away, 
and it was evident that if the operation had been carried on 
much f inther the metal would have penetrated the brick- 
work, so energetic was the chemical action that took place. 

This experiment was consideied so promising, that 
Mr. Menelaus instructed me to erect a small furnace — the 
plans being supplied by Mr. Henry Bessemer — similar in 
e\cry respect to the experimental lurnace that was in use at 
Baxter House, St. Pancras. 

In the meantime I had personally seen the experiments 
made at Baxter House, and had had opportunities o( 
testing and examining the metal made at Dowlais, as well as 
that made at the London St. Pancras Works. 

It was at once apparent that no phosphorus was 
separated from the pig. The pig used by Mr. Bessemer 
was the best Blaenavon foundry-iron. The iion made from 
this worked fairly well for a time, and I almost succeeded in 
making a half-inch nut. Unfortunately, just as it was 
finished, it broke in two, proving that the metal was not 
workable. 

Mr. Bessemer’s opinion was that the most common 
forge-iron could be used. The furnace referred to above 
was erected between Nos. 16 and 17 blast-furnaces, both 
working on ordinary forge-iron, chiefly used to produce 
common puddle-bar for the manufacture of rails. 

A small blowing cylinder was erected to supply a blast of 
from 7 to iolb. pressure to the furnace. After warming up 
the furnace, from 7 to 8 cwt. of molten forge-iron was run 
in, and the metal was blown from 20 to 25 minutes. The 
usual reactions took place, the cinder was run off, and a 
small ingot, about 6 inches square, was cast. This was at 
once taken to the forge and put under a crocodile-squeezer. 


Silicon... 
Sulphur 
Phosphorus 
Arsenic 
Manganese 
Copper 
Iron 
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The result was that the ingot all went to powder, amidst the 
hearty cheers and shouts of the puddlers. I succeeded, 
however, in securing a corner of the ingot, and, with very 
careful manipulation under the squeezer, made a small 
bloom. This was rolled in the puddle-bar rolls into a bar 
3 to 4ft. long. On testing it, I found it broke lengthways 
and crossways, and was as brittle as glass. 

The experiment was considered so unsatisfactory, that 
no further experiments were carried out, although I had a 
very strong opinion at the time that ultimately the process 
would be successful, as, from experiments I had made, I 
found that, on melting the best cable bolt-iron in pots, the 
iron after fusion became very red-short and could not be 
worked unless some metallic manganese was added to it. 

The popular opinion at this time, after the experiments 
made, was very unfavourable to the Bessemer process. 

A rail was rolled at Dowlais from an ingot made by 
Mr. Henry Bessemer at Baxter House. It rolled perfectly, 
but broke while hot. 

I have a piece from the bioken end, and enclose an 
analysis of the rail, and also one of Blaenavon foundry-pig, 
which was the metal used for the blow. 


First Bessemer Rail Rolled. 

Carbon 
Silicon ... 

Sulphur 

Phosphorus 

Arsenic... 

Manganese 

Copper... 

lion 


Per cent, 
Trace. 
Tiace. 
°' 2 35 

0516 

nil. 

nil. 

nil 

99-249 
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Fig used for a rove Bessemer Rail/' 


Carbon .. ... ... ... ... 3*40 

Silicon... ... ... ... ... 1*36 

Sulphur ... ... ... ... 0-07 

Phosphorus ... ... ... ... 0*29 

Manganese ... ... ... ... 028 


Yours, etc., 

2, City Road, EDWARD RlLKY. 

London, E-C,, 

March 21, 1898. 

0 The analysis of pig-iron given above is not from the actual pig-iron 
used ; it is an analysis of the best Blaenavon foundry metal, such as was 
used by Mr. Bessemer in his experiments at Baxter House. 
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In his autobiography Bessemer gives a somewhat 
nalfve account of the failures that followed his Cheltenham 
paper. 

The first converters were erected at Messrs. Galloways' 
at Manchester, at Dowlais in Wales, and at the Govan 
Ironworks at Glasgow, and, in each case, the results of the 
trials were most disastrous. Bessemer says : — 

“The ordinal y pig-iron used for bar-iron making was 
“found to contain so much phosphorus as to render it 
“wholly unfit for making iron by my process. This startling 
“ fact came on me suddenly, like a bolt from the blue ; its 
“effect was absolutely overwhelming. The transition from 
“what appeared to be a crowning success to one of utter 
“ failure well nigh paralysed all my energies. Day by day 
“ fresh reports of failuie anived ; the cry was taken up in 
“the press; every paper had its letters from correspondents, 
“and leaders, denouncing the whole scheme as the dream 
“ of a wild enthusiast, such ns no sensible man could for a 
“moment have enteitained. I well remember that one 
“paper, after rating me in pretty strong terms, spoke of my 
“invention as ‘a biilliant meteor that had flitted across the 
“metallurgical horizon for a short space, only to die out in 
“a train of sparks, and then to vanish into total darkness.’ 1,1 

“I was present at some of these trials, and saw the 
“ utter failure that resulted with the quality of metal operated 
“upon. It is a curious and scarcely credible fact that not 
“one of the ironmasters who had previously felt such 
“abundant confidence in the success of the process, as to 
“back their opinions with large sums of money, took any 
“trouble whatever or offered any practical or scientific 
“ help towards getting over this unlooked-for difficulty. They 
“all stood by, mere passive and inert observers of the fact, 
“ not one of them lifting up a finger, or stretching out a hand 
“ to save the wreck.’' 

At this juncture, Bessemer saw that it was necessary 
for him to know what the constituents of commercial pig- 
iron were, and he, accordingly, called in the aid of Dr. 

1 0 So universal was the condemnation, that the Council of the British 
Association, in spite of the reception given to the paper and the proofs 
afforded of its correctness in principle, decided to omit all mention of the 
paper in their published Transactions . See Appendix, Note 3. 
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Henry, Edward Riley and Dr. Percy, the well-known 
chemists and metallurgists, and the publications of Robert 
Hunt of the Record Office of the School of Mines were 
also gone through. The ensuing experiments took the 
(as we now know) unfortunate path of trying to rid com- 
mon British pig of its phosphorus. Bessemer says : — 

“ Apparatus was put up for the production of pure 
“ hydrogen gas which was passed through the metal ; as 
“ also were carbonic acid, carburetted hydrogen, etc. Metal- 
“ lie oxides and alkaline salts, and many other fluxes were 
“ tried with little or no beneficial results, and the metal was 
“treated in various other ways. It is needless to follow the 
“continuous string of heart-breaking failures and disappoint- 
“ ments, which were very costly and very laborious.” 

Bessemer now saw that the problem had to be tackled 
in a different way, namely, in the production of a phoshorus- 
free pig-iron, and, as a preliminary step, he sent to Sweden 
for some of the pure pig-irons used in Sheffield. Mean- 
while, some eighteen months had been spent in useless 
experiments. 11 Bessemer says : — 

“ Happily for me the end was nigh. The pure pig- 
“ iron, which I had ordered from Sweden, arrived at last, 
“ and no time was lost in converting it into pure, soft, 
“ malleable iron, and also into steel of various degrees of 
“hardness. It was thus incontestably proved that with non- 
“ phosphoric pig-iron my converting process was a perfect 
“ success ; and that with pig-iron that had cost me only £7 
“per ton, delivered in London, we could, and did, produce 
“cast steel commercially worth ^50 to p£6o per ton by 
“simply forcing atmospheric air through it for the space 
“ of fifteen to twenty minutes, wholly without the use of 
“ manganese or spiegeleisen.” 

Now, neither in his autobiography nor in his account 
of the history of his process as prepared for the Joint 
International Meeting of the Iron and Steel Institute, the 

1 1 It is, probably, usually the case that theoretical research work is well 
ahead of its practical application. Bessemer’s practical difficulties were not 
altogether justified by the actual state of technical knowledge at the time, 
had he or his advisers known where to look. See Appendix, Note 4. 
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GORAN 1< RhDRIK GORANSSON, 
1819—1900. 


From a portrait supplied by his prandmi, Mr, £, F, Gorantson 
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American Institute of Mining Engineers and the Verein 
Deutscher Eisenhuttcnleute, held in Allegheny City, Pa, 

1 890, 12 did Bessemer give any clue to the cause of this 
dramatic and swift change in his fortunes, but this part 
of the story is to be found in the following letter written 
to Professor Richard Akermann, of Stockholm, by 

GORAN FREDRIK GORANSSON 
“ Dear Sir, 

“ In conformity to your friendl) lettei of the 2 nd 
“ instant, I will try to give you, in English, a short sketch of 
“ the difficulties I had in commencing with the Bessemer 
“ method and how I at last overcame them 

“ My full name is Goran Fredrik Goransson I bought 
“part of the Swedish Bessemer patent in June, 1857, 
“ after a conversation with Sir (then Mr) Henry Bessemer, 
“ and on his promise that he would arrange the necessary 
“plant and send over an engineer for starting the manu- 
facture in accordance with his patents 

“In the autumn he sent over his plant, namely, a 
“ converter of his construction and a steam blast engine 
“constructed by Messrs Galloway & Co , of Manchester,* 
“ accompanied by an engineer for conducting the manu- 
facture We started in November, but we soon found 
“that the converter was impracticable, difficult to handle, 
“and giving no good result. We then constructed a fixed 
“converter (see PI III) on the same principle as the small 
“fixed vessel which Mr Bessemer used for his first expen 
“ments at Baxter House, in London, but, according to 
“Mr Bessemer’s advice, with two rows of tuyeres, six in 
“each, the lowei row at the bottom of the converter and the 
“other some inches above, but the result was not good 
“ Mr. Bessemer then advised us to augment the pressure of 
“ the blast, and, to effect this, we took aw^ay the upper 
“tuyeres and used only the six below, each about five-eighths 
“of an inch in diameter, and we then sometimes succeeded, 
“particularly during the cold, dry, winter days, in getting 
“ malleable ingots, but very irregular and generally full of 
“slag. The engineer, not knowing anything more than 
“myself, then left the works. 

“We tried every possible means of augmenting the 
“ pressure of the blast by reducing the diameter of the 
“ tuyeres and using smaller charges, as we had reached the 

13 See T/ans. of A.I.M.E. , vol, xix., p 810. 
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“ limit of the pressure which could be produced by the 
“blast-engine, but all with less and less success, and, on -the 
“ point of giving up the experiments, I resolved, in spite of 
‘‘all adviseis, to diminish the pressure and, instead, use a 
“larger quantity of air. For this purpose we put all the 
“twelve tuyeres in one line at the bottom of the converter, 
“and augmented the diameter of them to seven-eighths of an 
“inch to see what change they would produce. The result 
“ was astonishing. The temperature of the fluid steel was 
“very much raised, the slag came up on the top beautifully, 
“the ingots turned out perfectly even in temper, free from 
“slag, and extremely malleable, more so than any iron made 
“on the old piocess. The first charge with the converter, 
“so arranged, was made on the 1 8th of July, 1858, and 
“from that date the Bessemer method cah be regarded as 
“started. 

“ I sent fifteen tons of ingots to a firm in Sheffield and 
“ fifteen tons to Messrs. Henry Bessemer & Co.’s works at 
“ the same place, and went over to England in September 
“to have them tried. I found then that Mr. Bessemer had 
“ not succeeded, but had to granulate in water the steel 
“ he got from the converter and afterwards re-melt it in 
“ crucibles. As such a process could not give any profit, 

“ the friends who assisted him were losing all hope of 
“success, but they all came down to Sheffield to see my 
“ ingots tried before they finally gave up this business. The 
“ other Sheffield firm, thinking it their interest not to forward 
“ theBessemer method, got the whole lot burnt at the wash- 
“ welding, but the fifteen tons hammered and tilted at Messrs. 

“ Henry Bessemer & Co’s works turned out to full satis- 
“ faction after having been tried for knives, scissors, razors, 

“ other tools and plates. 

“ The result of these trials has led to the further improve- 
“ ment and to the present extension of the Bessemer process, 

“ for which Mr. Bessemer and others have done much, but 
“ Professor Viktor Eggertz’s practical invention to find out the 
“ percentage of carbon in the steel has overcome the greatest 
“ difficulty then remaining. 

“ Faithfully yours, 

“ G. F. Goransson. 

“ Sandvikens Jernverks Aktie Bolag, 

“ Sandviken, November fith, 1879.” 


The above letter is confirmed by reports from Mr. Grill, 
a Director of the Swedish Jernkontoret to his Board of 
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Directors, and published in the J ernkontorets Annaler of 
1858 and 1859 * 

The conditions which favouied the success of Gorans- 
son were, in the first place, the gieat purity of the pig-iron. 
The resultant steel was therefore neither red-short nor 
cold-short. The pig-iron was also rich in manganese, so 
that the final steel contained this in sufficient quantity 
The drawback of a low silicon was got over by taking the 
metal direct from the blast furnace and thus ensuring a 
hot blow. 

The Swedish practice is to stop decai burization at the 
required point, and not to nearly completely decarburize 
and then recarburize. No manganese is added at the 
end of the blow, and Bessemer has made the most of this 
point in dealing with Mushet’s claims that the success of 
the Bessemer process was dependent upon his patent for 
the addition of spiegel-iron at the end of the blow/ 

Bessemer, whilst ignoring his indebtedness to Gor- 
ansson, yet — somewhat illogically — uses the circumstances 
of the success of Goransson’s practice in Sweden and 
Austria as an argument for ignoring his indebtedness to 
Mushet's invention. I know of no better evidence of this 
than is contained in a letter written by Sir Henry 
Bessemer to myself, in the December of 1894, in con- 
nection with my Crewe lecture previously referred to 
He was then in his 82nd year, and, in view of the 
historical importance of this letter, I have had the same 
reproduced in facsimile as here shown : — 

Vide text of Sir Henry Bessemer's letter, over page . 

I have looked up the Report of the United States Com- 
missioners referred to in this letter, which fully confirms 
Sir Henry's statements. The iron employed was smelted by 
charcoal, was almost free from sulphur and phosphorus, and 
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was rich in manganese. At the end of the blow, sufficient 
f manganese was still present to prevent red-shortness, as, 
with manganese in excess in the pig-iron, free manganous-, 
manganic oxide (MnO, Mn 0 2 0 8 ) is reduced by iron carbide 
when no more free silica is present The above Report 
draws attention to the success of the Swedish and Austrian 
mild steel plates thus made without added manganese, 
whilst the distrust of Bessemer steel plates in England 
was said to be due to the large amount of carbon unavoid- 
ably introduced by the use of spiegel-iron. This drawback 
was afterwards overcome in England and elsewhere — but 
not until the seventies — by the use of richer spiegels and 
by ferromanganese, which enabled the requisite amount 
of manganese to be added without unduly raising the 
carbon content. 

The successful experiments with the pure Swedish 
pig-iron appear to have been made in the early part of 
1858 at Bessemer’s experimental works in St. Pancras, but, 
according to Goransson, the results were uncertain. 
Bessemer, however, says in his autobiography : — 

“ I announced the fact of my complete success to the 
“ world, and held in my hands the most undeniable proofs 
“of the truth of my assertion ; but no one would believe it. 
“They remembered but too well the great expectations that 
“were excited two years previously by the first announce- 
“ ment of my invention at Cheltenham, and were not again 
“to be disturbed by the cry of ‘Wolf!’ Thus it happened 
“that, after the hard battle I had fought for so many years, 

“ I found myself as far as ever from the fruits of my labour, 

“ for not a single ironmaster or steel manufacturer in Great 
“ Britain could be induced to adopt the process.” 

Under these circumstances, Bessemer decided to build a 
steelworks himself in the heart of the steel industry, and 
so, in partnership with Longsdon, Allen and Messrs. 
Galloway, he started building operations in Sheffield, and 
these works were, in part, in operation at the time of 
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Goransson’s visit to England in the autumn of 1858, as 
before related. Goransson found that Bessemer was 
making steel by granulating the converted charge by 
running it into water and then classifying according to the 
carbon percentage , the granulated metal being then 
remelted in crucibles Goransson was able, during his 
visit, to put Bessemer into the way of his Swedish practice 
of blowing, after which, so far as I can learn, the granu- 
lating was abandoned — although not immediately —and 
the process thus established on a proper basis There is 
a brief entry by W. D Allen in an old diary for 1859: 
“First made steel direct” This was on June 1 8th, and 
thus fixes the date of the change 

The first year of working resulted in a loss of £729, 
and in 1859, the second year, the loss was £1,100 1° 

i860, simultaneously with the appearance of the con- 
verter in its present form, there was a profit of £900, and 
seven years later, the profit had risen to £28,000 
Bessemer says in his autobiography • — 

“Some idea may be formed of the impoitance of the 
“ manufacture, and ot how much the people of Sheffield lost 
“by their prejudice and incredulity, when I state the simple 
“fact that on the expiration of the fourteen > ears' term of 
“partnership of our Sheffield film, the works, which had 
“ been greatly increased from time to time entirely out of 
“revenue, were sold by private contract for exactly twenty- 
“four times the amount of the whole subscribed capital of 
“the firm, notwithstanding that we had divided in profits 
“during the partnership a sum equal to fifty-seven times the 
“gross capital. So that, by the mere commercial working of 
“ the process, apart from the patent, each of the five partners 
“ retired from the Sheffield works after fourteen years, having 
“made eighty-one times the amount of his subscribed 
“capital, or an average of nearly cent, per cent, every two 
“months — a result probably unprecedented in the annals of 
“commerce.” 

The principal product of the works in the beginning 
was tool steel. This sold at £42 a ton as against the 
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ordinary Sheffield price of £50 — £60 a ton, and was 
regularly supplied to important firms, including Messrs. 
Beyer, Peacock & Co Bessemer had, by now, abandoned 
all attempts to purify common pig, and had turned his 
attention to the production of a special class of pure pig- 
iron from British ores, thereby laying the foundation of 
the great British hematite industry. In 1859 there were 
already two blast furnaces built at Ulverston for pro- 
ducing Bessemer hematite 

The selection of a sufficiently refractory converter 
lining, and the formulating of the first theoretical furnace 
charges so as to produce a British pig-iron suited to the 
Bessemer process, represented the solution of the last of 
the metallurgical difficulties that had faced Bessemer and 
his expert advisers, and which he has so graphically 
described. The best converter lining was found to be 
Sheffield ganister, which contained approximately 93% of 
silica, 4% alumina, I to 2% of oxide of iron, and, the 
lemainder, the carbonates of potash, soda, and lime In the 
puddling furnace the absence of silica in the slag enabled 
the phosphorus to form stable combinations with the iron 
oxides, but under no circumstances could this happen in 
the Bessemer converter, 40% of silica in the slag or even 
less sufficing to prevent this. Gruner, 13 of Paris, was the 
first to point this out, in the year 1857, a fact the import- 
ance of which for the Bessemer process could not be 
over-estimated The rich hematites of Cumberland and 
Lancashire yielded a pig-iron sufficiently low in phosphorus 
and sulphur, and sufficiently high in silicon and carbon, 
to give a hot blow. The comparatively high silicon, and 
the comparatively low manganese, prevented, however, 
any working according to the Swedish method to which I 
have referred, and the metal had to be blown to nearly 

1 3 Bulletin de V Industrie Miner ale> T. II , p. 19 9. 
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complete decarburization, and a sufficient quantity of 
spiegel added to give the metal the required composition. 
This practice also ensured the absence of red-shortness, 
even in the softest steels, by providing sufficient manga- 
nese to remove all oxygen from the bath and to counter- 
act the effect of the sulphur. This addition of manganese, 
patented by Mushet, became a “ world ” practice, whereas 
the Swedish practice was, of necessity, a limited one. 

ROBERT FORESTER MUSHET. 

Robert F Mushet was the son of David Mushet, 14 who, 
in his time, was the most important investigator into the 
science of iron- and steel-making in Great Britain. His 
no less renowned son was born at Coleford, in the Forest 
of Dean, in 1811 Now, wheieas Bessemer, as beforesaid, 
makes no reference in his own accounts of his process to 
the value of Goransson’s woik in establishing the same, he 
devotes an important chapter in his autobiography to a 
detailed consideration of Mushet’s claims But, before 
dealing with this, I will give an account of Mushet’s 
claims as written by himself in 1883, and for a copy of 
which I am indebted to my friend Mr. Samuel Osborn, of 
the Clyde Steel Works in Sheffield. He begins by ex- 
plaining that having noticed that by alloying “ burnt iron ” 
with spiegel he could obtain a sound ingot, owing to the 
fact that the manganese combined with the oxygen of the 
iron, and thus restored it, he, thereupon, applied the same 

14 David Mushet was bom at Dalkeith in 1772, and at the age of 19 
entered the service of the Clyde Ironworks Company He was a brilliant 
and hardworking investigator, but the value of his experiments was not 
understood by his employers. He later, m partnership with others, built 
the Calder Ironworks, but the enterprise ended m failure, and Mushet lost 
his money. Of great importance was his discovery of the biackband iron- 
stone in 1800, which laid the foundation of the great Scotch blast-furnace 
industry as developed some thirty years later. Furthermore, his experi- 
ments for making crucible steel led directly to Heath’s process. 
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to some pieces of Bessemer’s pneumatised iron supplied 
to him by Thomas Brown, the then managing partner of 
the Ebbw Vale Iron Works, and made an ingot from the 
same that was sound and free from red-shortness. On 
September 22nd, 1856, or about five weeks after Besse- 
mer’s paper at Cheltenham, he proceeded to draw up a 
patent specification in which he claimed the addition of 
a triple metallic compound of iron, manganese, and 
carbon, to cast iron which had been decarburized by any 
process of forcing air through molten cast iron. By the 
bad advice of his friends at Ebbw Vale, this process was, 
however, coupled to that of Mr. S. G. Martien, to which I 
shall refer again. Mr. Brown’s firm, later, made difficulties 
about the setting up of the necessary apparatus, and 
Mushet called to his aid a Mr. S. II. Blackwell, who found 
the money for this. The experiments were successful, 
and the complete specification was filed in March, 1857. 
The patent was thus arranged : the Ebbw Vale Co., one 
moiety interest ; Blackwell, one quarter interest ; and 
Mushet, one quarter interest. Prior to this, Bessemer had 
paid Mushet a visit at Coleford with the evident intention 
of obtaining his friendly co-operation, but Mushet felt 
himself tied to the Ebbw Vale Co. and nothing came 
of this. Pending the filing of the complete specification, 
the Ebbw Vale Co. were advised by some expert 
(wrongly) that the spiegel could not mix properly with 
the blown metal, and that Mushet’s claim was worthless. 
Brown and Blackwell then omitted to pay the third 
year’s stamp duty, and the process became public pro- 
perty. Mushet says : — 

“No doubt I might have sued them, but I had neither 
“ health nor means of fighting a battle with them in a court 
“ of law, besides which both Blackwell and Brown had been 
“peisonally kind friends to me, and both were then in 
“hopeless difficulties.’’ 
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Bessemer and Etjpav Vale. 

To correctly understand the relations between Bes- 
semer and Mushet, it is necessary to understand those 
between Bessemer and Ebbw Vale, as the former seem 
quite clearly to me to be the reflex of the latter, and 
cannot be separately considered. Bessemer relates that 
of the many persons who called on him after the Chelten- 
ham paper with proposals for a licence, none was more 
energetic than Thomas Brown, of the Ebbw Vale Iron- 
works. Brown eventually made him an offer of ,£50,000 
in cash for the patent rights in Great Britain for all his 
iron and steel inventions. This offer Bessemer refused, 
to the intense disappointment and chagrin of Brown. 
From then onwards, the attitude of Ebbw Vale to Bessemer 
was one of enmity. On September 15th, 1 8 5 5 > or a year 
previous to the Cheltenham paper, Joseph Gilbert Martien 
had taken out a patent for an improved method of making 
steel. The idea was to let the metal, tapped from a blast 
furnace or finery, flow through gutters which were per- 
forated, in order to allow a stream of air or steam being 
forced through the metal, thus purifying it. Martien 
thought nothing about a decarburization or a generation 
of heat. This patent was bought by Ebbw Vale, and 
their furnace-manager, the well-known George Parry, 
tried to develop it. Parry tried treating 30 cwts. of 
molten pig-iron from a blast furnace by taking same into 
a reverberatory furnace, the bottom of which was per- 
forated for an air-blast. A violent reaction was set up, 
the metal broke out, and the experiment was discon- 
tinued. Percy says, “ lucky for Bessemer”; but this is not 
the fact. Others like Kelly 15 and Eck 16 had tried the same 
idea without knowing how to utilise it. Therefore, as 

3 5 Engineer , vol. lxxxi. , p. 299. 

3 c Preussiscke Zeitschrift fUr Berg — Hiitten und Salinenzvescn, Bd.XI. 
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Wedding says, Bessemer’s deserts remain undiminished, 
for it is no real invention to have the idea of turning a 
known natural law to account without being in a position 
to indicate the right means for carrying it out. 17 

In 1857, Barry applied for a patent for decarburizing 
crude iron by blowing down upon it in a closed chamber 
without fuel instead of blowing upwards as in the Bessemer 
process. This was not completed. When Bessemer read 
his paper before the Institution of Civil Engineers in 
1859, Brown was one of the speakers, and said that he 
had been sanguine of the success of the Bessemer process, 
and had spent £7,000 in endeavouring to carry it out 
(this without licence from Bessemer). He mentioned 
the difficulty which he experienced, amounting, indeed, to 
an impracticability in finding a completely refractory 
material for the furnace. 

He criticised Bessemer’s figures as to the cost of the 
materials, and said that with regard to waste there was, 
under the most favourable circumstances, a loss in the 
manufacture of nearly 40 per cent of metal ; and, on one 
occasion, his agent informed him that nothing but cinder 
remained. 

In 1861, Barry took out a patent, the idea of which, 
evidently, was to get round the Bessemer process, as then 
practised, by applying the pneumatic process, not to pig- 
iron, but to a crude iron produced by melting scrap-iron 
with coke in a small blast furnace. 

This patent, and the attempt to corner the use of 
manganese, caused Bessemer great anxiety. In 1864, 
Bessemer became aware, by accident, that negotiations 
were on foot to form the Ebbw Vale Ironworks and mines 
into a joint-stock company, with a capital of .£2,000,000, 
a Mr. David Chadwick being the financial agent. Their 
17 Wedding, Eisenhiittenkunde ” iii., 2 . 
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intention was to work the pneumatic process in con- 
junction with Parry’s patent, and it would have cost 
Bessemer, according to his calculations, some £10,000 
and a couple of years’ struggle in the law courts to obtain 
his rights. Bessemer then threatened to apply for an 
injunction in the Court of Chancery to restrain the Com- 
pany from using their obstructive patents (Martien & Parry) 
unless they immediately took out a licence to use his 
patents. In an interview with Mr. Joseph Robinson, the 
manager, and Mr. Abraham Darby, the chief proprietor of 
the Ebbw Vale Works, Bessemer drew attention to the 
fact that his invention would seriously reduce the value of 
a works arranged chiefly for iron manufacture, and that 
he was in a position to delay the floatation unless they 
agreed to his terms. A difficulty that arose was that they 
had not complete control over Parry’s patent. Bessemer 
agreed to pay £"5,000 to secure this, and also to deduct 
£25,000 from their first royalties in lieu of paying money 
for the purchase of all their patents. The deed of licence 
contained a full acknowledgment of the validity of 
Bessemer’s patent. This agreement removed the last 
barrier to the quiet commercial progress of Bessemer’s 
invention throughout Europe and America, and showed 
Bessemer in the light of a very astute business man. In 
fact, the Ebbw Vale royalties eventually amounted to 
between £50,000. and ,£60,000. This was Bessemer’s 
last battle. 

We can now, quite clearly, sec the reasons for Besse- 
mer’s attitude towards Mushet. In his mind, Mushet was 
inseparably connected with the interests most hostile to 
him. The use of spiegel-iron was, at that time, just as 
essential to the one pneumatic process as to the other, and 
had Parry, with the wealth of the Ebbw Vale Company 
behind him, succeeded in getting round Bessemer’s patent, 
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he and Mushet could have compelled Bessemer to agree 
to any terms that they might have chosen to dictate. 
Mushet had identified himself not only with the wrong 
process but with the wrong persons. Under the circum- 
stances, Bessemer’s attitude towards him was but natural 
and reasonable, and Bessemer’s subsequent treatment of 
him was, as I shall show, a not ungenerous one. 

BESSEMER AND MUSHET. 

In dealing with Mushet’s claims, Bessemer first refers 
to the old knowledge of the use of spathose mangancsian 
iron in steel-making, and to Heath’s process of the use of 
carburet of manganese in crucible steel- making in com- 
mon use in Sheffield. He draws attention to the fact that 
Mushet’s patent of September 22nd, 1856, took a well- 
known compound, i.e. y “ spiegelcisen,” and that the inven- 
tion which he proposed to improve by the same was not 
Bessemer’s, but Martien’s valueless patent. This was, in 
fact, a great error of judgment on Mushet’s part, and 
one difficult to understand. Bessemer draws attention to 
the fact that his own patents covered the recarburization 
of the converted metal by pig-iron, but he clearly did not 
refer to a deoxidising agent thereby. Bessemer then 
refers to the unsuitability of spiegeleisen for mild steels, 
owing to its low manganese, and his efforts to introduce 
ferro-manganese. 18 Here he is upon safer ground, as, for 
the largest proportion of the world’s Bessemer steel, ferro- 
manganese became a more important alloy than spiegel- 
iron. Bessemer gives a list of 24 patents relating to the 
use of manganese in steel, and covering a period from 
1799 to 1856; he argues that if Mushet had invented an 
alloy suitable for the recarburization of mild steel and 
containing about 60% of manganese, 4% of carbon, and 

18 The contention here, apparently, is to set a limit to the scope of 
Mushet’s services. 
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36% of iron, and had shown how to manufacture this 
commercially, he would have been entitled to a patent for 
his mode of producing it, and he denies his (Mushet’s) 
right to patent the sole use of manganiferrous pig-iron. 

In his earliest experiments, Bessemer avoided oxida- 
tion of the metal in the only way that he knew how to, 
namely, by practising a limited decarburization — that is, 
the practice later followed in Sweden and Austria. Some 
years before his death, Bessemer was able to show, 
through the finding of some of his old note-books, 
that by reading a description of Heath’s invention in 
Ure’s “Dictionary of Arts, Manufactures and Mines,” he 
knew that red-shortness could be cured by carburet of 
manganese, and that he attempted to make carburet of 
manganese. These experiments, which were prior to 
Mushet’s patents, led, after many delays and difficulties 
to the manufacture of ferro-manganese by Henderson, in 
Glasgow, at Bessemer’s instigation. Meanwhile Mushet’s 
patent had rendered Bessemer the service of drawing his 
attention to the fact that there existed a manganesian pig- 
iron — an alloy of carbon, manganese and iron. Spiegel- 
eisen was not an absolute essential to the Bessemer 
process, although its ready availability removed, for a time, 
the difficulties that would otherwise have existed prior to 
the manufacture of other suitable manganiferrous com- 
pounds in the blast furnace. 

Reviewing carefully all the evidence, it is impossible 
to deny the fact that Mushet did Bessemer a great and 
valuable service in drawing his attention to the utility to 
him of the existence of spiegeleisen, famed for steel- 
making on the Continent, 19 but it is equally impossible to 

30 Mushet had experimented with spiegel-iron obtained from Rhenish 
Prussia, and having a composition of 8*5% manganese, carbon 5*25%, and 
iron 86*25%, as tar back as 1848 ; he does not refer to the fine exhibit of this 
material in the German section of the Great Exhibition at the Crystal Palace 
in 1851. 
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deny the fact that Mushet’s patent, as far as it concerned! 
the Bessemer process, was as bad as it could be. From 
the technical point of view, also, Bessemer’s efforts to create 
the manufacture of a commercial high-percentage alloy of 
manganese were of far greater service to the steel industry 
than Mushet’s patent, even had it been a good one. 

Secure in the belief that Mushet’s patent could not 
affect him, Bessemer used spiegel-iron for two and a half 
years (1857-60) after the date of that patent, when he was 
approached by a Mr. Clare, on behalf of Mushet, asking 
for an acknowledgment of the latter’s rights, and offering 
a licence for the same for a nominal sum." 0 Bessemer, in 
reply, said that he did not acknowledge that Mushet had 
acquired the rights which he claimed, and invited legal 
proceedings, which, however, were never taken, nor did 
Bessemer ever hear again from Mushet. In December, 
1866, Bessemer was visited by a young lady giving the 
name of Mushet. She said that grave misfortune had 
overtaken her father, and that without immediate help 
their home would be taken from them. She said : “ They 
tell me that you use my father’s invention, and are 
indebted to him for your success.” Bessemer replied by 
saying that he used what her father had no right to claim, 
and that the only result of her father’s patents was to 
point out to him some rights which he then already pos- 
sessed, but of which he was not availing himself. This 
interview, however, ended, as might be expected by those 
who knew him, by Bessemer paying Mushet’s debt — an 
amount of ^3 77 odd. Bessemer’s partners did not quite 
appreciate his generosity, thinking that capital would be 
made out of it. This did, in fact, follow, for, in the follow- 
ing year, a relative of Mushet approached Bessemer with 

80 This was shortly before the third year’s stamp duty of ^50 fell due, 
a matter to which I have already referred. 
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a request for an allowance for Mushet. Bessemer, to 
appease his ill-informed critics, then offered to pay him 
^300 a year, and this was done up to Mushet’s death in 
1891. Mushet, therefore, received over £7,000 from 
Bessemer, and I think that in view of all the facts as 
above detailed, it must be conceded that Mushet received 
ample, indeed generous, recompense from Bessemer. He 
was, indeed, much more fortunate than poor Heath 
whose invention, whilst enriching Sheffield, brought only 
disaster to himself.- 1 

Mushet’s name is, in reality, much more closely 
identified in the minds of men with the invention of the 
self-hardening tool steel of that name. Mushet dis- 
covered the self-hardening properties of tool steel, when 
alloyed with tungsten, in 1868, and three years later he 
was fortunate enough to get into touch with the late 
Mr. Samuel Osborn, of Sheffield, a man of great enterprise 
and business capacity, who quickly realised the signifi- 
cance of this invention. 

From the beginning of his association with the firm 
of Samuel Osborn & Co., Mushet drew substantial 
royalties from the sale of his self-hardening tool steel, 
and I am informed that the rights of manufacture were 
subsequently commuted for a very considerable sum. 
The use of this tool steel quickly spread throughout the 

- 1 In 1845. I lea.ll 1 look out a patent for the manufacture of steel by the 
melting together of pig-iron and bar-iron, and then carburizing and purifying 
by carburet of manganese. This alloy he prepared by the deoxidization of 
black oxide of manganese by tar or other carbonaceous matter in crucibles in 
an air-furnace. He then suggested to the agent in Sheffield that it would 
be cheaper to make this part of the steel-melting itself. The information 
got revealed before he could cover this with a new patent, and then his 
licensees, on the plea that it was another process, refused to pay him 
royalties. Long and costly litigation followed, and Heath died a ruined 
and broken-hearted man. The House of Lords finally decided against 
Heath’s heirs. Mushet has calculated that, up to that time, Heath’s process 
had saved the Sheffield steelmakers ,£2,000,000. 
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world and gave an honourable significance to Mushet’s 
name in every workshop. 

Mushet’s services were also acknowledged by the 
presentation to him of the Bessemer medal by the Iron 
and Steel Institute in 1876. It is strange that a similar 
honour was never conferred on Goransson. Mushet died 
in 1891, aged 80 years, having added still further dis- 
tinction to the name he inherited. Of both lives — father’s 
and son’s — one could well quote “ per ardua ad astra.” 
His two sons continued in the employ of Messrs. Osborn 
up to a few years ago, when they retired from business. 

Progress of the Bessemer Process. 

As I have already said, the merely experimental 
application of an old principle in a novel manner does not, 
of itself, constitute an invention, and Bessemer was, 
above all things, a brilliant inventor. His steel process 
required a vessel and equipment of entirely novel manu- 
facture. The pear-shaped converter, with hydraulic 
tipping-gear and cranes and the ladle for vertical casting, 
were all designed by him, and are still unchanged in their 
essential particulars. It was Bessemer’s fertility and 
ingenuity of invention, combined with great mechanical 
skill and infinite resource and perseverance, that enabled 
him to effect an industrial revolution, and to make his 
process the most successful method of producing steel in 
quantity that the world has known. In this, lies his claim 
to originality. 

The new material of construction invaded all domains 
of industry. As may well be imagined, its use for rails 
instead of wrought iron was early considered as an 
attractive possibility. 

In 1861 Crewe Station was laid with Bessemer steel 
rails rolled from ingots made at Sheffield, and the longevity 
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of these rails soon demonstrated their relative cheapness. 
In 1862 Bessemer and Longsdon, in order to increase 
their available capital, decided to sell a portion of their 
patent rights. This they did to a syndicate of fifteen 
members, among whom were John Platt, of Oldham, and 
the Galloways of Manchester. For a sum of ^50,000 
the syndicate bought one-fourth share in the Bessemer 
process patents for the period of 1862-1884. This pur- 
chase proved enormously profitable to the syndicate. 
There is no doubt that the possession of this capital, and 
the strong supporting influence of the syndicate, greatly 
strengthened Bessemer’s hands in his bold and decisive 
handling of his affairs with the Ebbw Vale Company two 
years later, to which I have already referred. In 1862 a 
Bessemer steel rail was put down at Camden by Mr. 
Ramsbottom, and it wore out seven iron rails, that is 
fourteen surfaces, before it was turned. In this same year 
the first Bessemer steel tube-plates were supplied to the 
Lancashire and Yorkshire Railway Company, and in the 
following year Bessemer steel was used for locomotive 
boilers on the London and North-Western Railway by 
Mr. Ramsbottom and Mr. Webb. The first boiler of this 
kind was kept in service until 1879. In that same year 
(1863) the same steel was extensively used for Lancashire 
boilers by Mr. Daniel Adamson, and it was also first used 
in shipbuilding. 

A very important exhibit of Bessemer steel was made 
at the great International Exhibition in 1862. Among 
the articles shown were gun-forgings and projectiles, 
hydraulic cylinders, forged shafts, railway axles, engine 
and carriage tyres, bars and rods of all sizes, steel wire 
ropes, etc. It was this exhibit that directly led to the 
syndicate’s purchase of an interest in the patents as above 
related. Large quantities of Bessemer steel rails were laid 
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down by the Metropolitan Railway Co. in 1865, at which 
time the price was ^17 a ton. The industry was now 
making great strides In 1864 an American syndicate 
bought the United States patents of Bessemer, the 
celebrated Holley acting first as negotiator and later as 
engineering and metallurgical expert. By 1865 the pro- 
cess was well established on the Continent. 

The discovery of a suitable basic lining for the 
Bessemer converter gave a great impetus to the process on 
the Continent, as the enormous deposits of phosphoiic ore 
in Western Germany, Luxemburg, and Eastern France 
could now be used. I have already referred to the fact 
that dephosphorization is possible in the puddling process 
whilst the silica lining of the Bessemer converter made 
this impossible. Tunnei, of Leoben, was the first to re- 
commend a non-siliceous lining, but at that time none 
could be made Daelen.in 1873, proposed lining the con- 
vener with iron oxide, but the practical difficulties were 
too great In 1877 both Bell and Krupp took out patents 
for purifying pig-iron by oxide of iron. Snelus had already, 
in 1 872, pointed the way to the ti ue solution of the problem 
for the Bessemer process by patenting a basic lining, using 
a mixture of lime and magnesia with a little clay and 
oxide of iron, keeping the silica at a minimum, but it was 
not to the inteiest of the Company he was then working for 
to pm sue the process. All difficulties in the way of pro- 
ducing a stable basic lining weie, howevei, solved by 
Messrs Thomas and Gilchrist in 1878, who discovered a 
method of making basic bricks from magnesian limestone, 
burnt at a very high temperature with aluminium silicate 
as a sintering material. The basic Bessemer — or Thomas — 
process, as it was called, had a swift development, and in 
1889 the output was no less than 2,000,000 tons. 

In his letter to me of December 8th, 1894, Sir Henry 
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Bessemer refers to a booklet which he sent me, namely, a 
reprint from the Engineering Review of July 20th of that 
year, and entitled “ A Brief Statistical Sketch of the 
Bessemer Steel Industry: Past and Present.” In this 
article, of which he was the author, he attempts to give an 
idea of the world's production of Bessemer steel in 1892, 
which amounted to no less than 10,500,000 tons, by 
representing the same as a steel column 100ft in diameter, 
the diameter of a large gasometer, and 6,684ft high. 

I am indebted to Mr. Harold Jeans for fuither statistics 
of Bessemer steel production since the year 1892, and find 
that the world’s lecord output was achieved last yeai, 
1912, with a total of 29,350,000 tons, or moie than 2 \ 
times the amount that Bessemer, himself, found so im- 
pressive. This tonnage would lengthen the imaginary 
100ft. diameter steel column from 6,684ft. to 18,682ft. in 
height 

In order to impress you with an idea of the magnitude 
of the above output in another way, I have prepared a 
diagram showing that this amount of steel would represent 
a column of 220ft, in diameter and 3,570ft. in height, or 
the height of Snowdon. (See PI Vi) 

I feel, however, that I can with greater profit appeal 
to your imagination by mentioning some of the economic 
xesults of a process capable of producing cheap steel in 
such quantities. By enabling steel to be produced at a less 
cost than that of common iron, the cost of construction of 
railways has been so greatly lessened as to peimit of their 
extension to the most distant regions, and the cost of trans- 
portation has been brought so low as to bring into the 
markets of the world perishable products which were 
formerly excluded from them. 

These two causes have reduced the value of food 
products throughout the civilised world. Wages have 
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risen all round whilst the price of food has dropped . 22 
The working classes of to-day are enabled to earn and 
spend at least double the amount which was at their 
command at any previous age of the world. This result 
is, no doubt, almost wholly due to the economy in the 
means of production made by cheap steel , 2 and to the 
other inventions which have followed in its wake. These 
are material gains, but they are being followed by the 
slow but sine elevation of the gieat mass of society to a 
higher plane of intelligence and aspiration 

The first striking result of the cheapening in the cost 
of the production and transportation of food products was 
felt in Great Britain, which is now compelled to import at 
least two-thirds of its consumption. The competition of 
the American western wheat regions, with the products 
of India in the English markets, altered the whole con- 
ditions of agriculture in the British Isles The profitable 
raising of wheat became practically impossible, and the 
farmers who had depended upon it could no longer pay 
the lents stipulated in theii leases. A general reduction 
of rent became necessary, which, of course, reduced the 
income of the landlords. The aristocracy of Great 
Britain is a survival of previous conditions, depending for 
its existence upon the ownership of the land and the 
revenue derived from it. Hence a serious blow at, what 
may be termed, the privileged class of Great Britain was 
struck, of course unintentionally, by the invention of 
Bessemer. This has gone very far towards effecting a 
transfer of power from those who own the land to the 
commercial, manufacturing and industrial classes of the 

2 - The comparison is with the era prior to the Bessemer invention. 
To d ly, both wages and the cost of living are rising. 

“ J The world’s output of open-hearth steel is now much greater than 
that ot Bessemer steel. See reinaik? on the future of Bessemer steel m the 
Appendix, Note 5 
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people. I think that it is doubtful whether any event of 
equal significance has occurred in modern times. We 
have, therefore, this curious result, that Sir Henry 
Bessemer has certainly been the great apostle of democ- 
racy, although I have never heard that he made this claim. 

Goransson, to whose aid Bessemer owed so much of his 
first success, died at Sandviken, Sweden, in 1900, at the age 
of eighty-one. He was chairman of the Board of Directors 
and foundei of the famous Sandvik iron and steel works. 
In 1865 he leceived the gold medal of the Swedish Jern- 
kontor He was a Knight Grand Cross of the Royal 
Wasa Order and a Knight of the Royal Oidei of the 
Polar Star He was a man of the broadest culture and of 
a most lovable peisonality. On the occasion of the visit 
of the Iron and Steel Institute to Sweden in 1898, Mr. 
Goransson, although very mfiim, welcomed the members, 
in an English speech, to the Sandvik woiks 

The greatest of this great 1 1 10 of octogenarians, Sir 
Ileniy Bessemer, died, in 1898, at the age of 85, at his 
residence at Denmark Hill He had been much affected by 
the loss of his wife in the previous yeai\aftei a happy union 
of more than sixt\ \ ears. More fortunate than some great 
pioneei invcntois, he leaped a full reward for his ingenuity 
and perseverance In loyalties alone he is said to have 
received altogethei a sum considerably over a million 
sterling lie was less foitunate in “honorary” rewaids, as 
these were insignificant in view of his great sci vices to the 
industrial woild 1 he Grand Cioss of the Legion of Honour, 
wh»’ch the Emperor Napoleon offered him in 1856, he was 
not permitted to accept, and the British Government only 
tardily acknowledged his services to the Inland Revenue 
Office in 1879. In 1858 the Institution of Civil Engineers 
awarded him the gold Telford medal. After the suc- 
cessful establishment of his process in Austria, he received 
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the decoration of Knight Commander in the Order of 
Franz Joseph from the Emperor of that country. He 
was President of the Iron and Steel Institute, 1871-1873. 
In the latter year he founded his gift of the Bessemer 
Medal for the Institute. In 1879 lie was made a Fellow 
of the Royal Society. lie also received many other 
medals and diplomas. In 1880 he was presented with the 
freedom of the City of London. Of all the distinctions 
bestowed upon him, he appreciated as greatly as anything 
else the compliment paid him in the United States by no 
less than six cities being named after him. In 1872, Sir 
Henry retired from active business and sought relaxation 
in various hobbies, scientific and otherwise, and in the 
embellishment of his beautiful residence at Denmark 
Hill. There he built an observatory, and engaged on the 
construction of a large telescope designed by himself. 
There, also, he experimented with a solar furnace, built on 
a large scale, to produce high temperatures. To the last 
his mind remained clear and his body active. Those who 
enjoyed his friendship will remember his special charm 
of conversation and his facility for graphically explaining 
difficult subjects. In conclusion, I cannot do better than 
quote from an address by the late Hon. Abram S. Hewitt 
to the Iron and Steel Institute in 1890. After referring 
to the chief capital events of modern history, he says : — 

“ 1 know it is very high praise to class the inven- 
“ tion of Bessemer with these great achievements, but 
“ I think that a careful survey of the situation will 
“ lead us to the conclusion that no one of these has 
“ been more potent in preparing the way for the 
“higher civilization that awaits the coming century 
“than the pneumatic process for the manufacture of 

“steel The name of Bessemer will therefore 

“be added to the honourable roll of men who have 
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“succeeded in spreading the gospel of “Peace on 
“earth and goodwill towards men,” which our Divine 
“ Master came on earth to teach and encourage.” 

Ernest F. Lange. 

Fairholm, Willow Bank, 

Manchester, 1913. 


APPENDIX. 

Note 1. Bessemer Ve/vet. 

In connection with this subject, I received the following 
letter from Sir William Bailey : — 

Sale Hall, Cheshire, 

August 25th, 1913. 

Dear Mr. Lange, 

My finding of the Bessemer Velvet that I named to 
you was caused by dropping into conversation with the late 
Mr. Lamb, a well-known Manchester upholsterer, whose 
shop was in John Dalton Street. When Mr. Lamb was 
speaking to his manager about a contract that was in hand, 
he said, “ Use Bessemer Velvet, r and when the manager 
left the room, 1 found that in early life Mr. Lamb had been 
a fiiend of Sir Henry Bessemer’s, and he had been using 
embossed velvet made by a process invented by Sir Henry. 

I was able to get 20 or 30 specimens from him. I sent one 
to the Bessemer Club in New York, which I understand is 
there now, and 1 also sent one to the late wife of Sir 
Charles Allen, the Managing Director of the Bessemer Steel 
Company at Sheffield ; she was a niece of Sir Henry 
Bessemer. The following is an extract from the letter I 
sent to her : — 

“ Please receive herewith by pattern post a piece of 
embossed velvet with which Sir Henry Bessemer had to 
do when a young man. 

“ I am sorry I cannot give dates, blit it must be 
between thirty and forty years ago that Mr. Pugin, the 
eminent architect, was engaged to design the draperies of 
the Blouse of Lords, and he designed this pattern velvet, 
Sir Henry Bessemer designing and engraving the rollers 
for embossing it. I obtained it from Mr. Lamb, who 
knew Miss Bessemer (Sir Henry Bessemer’s sister) well. 

“ He informed me that Miss Bessemer was also clever 
as a designer, and had to do with the embroideries of St. 
George’s Chapel and Windsor Castle, Miss Bessemer 
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being one of the first to introduce art needlework as an 
industry for ladies into London. 

“ Some very beautiful work was executed by Miss 
Bessemer’s staff, and amongst it some of the tapestries at 
Chatsworth Hall. The Devonshire Banner, with the 
Devonshire Arms richly emblazoned in beautiful colours, 
now in the Hall, was executed under Miss Bessemer’s 
superintendence by her staff of ladies.” 

Lady Allen sent half of this interesting specimen to her 
uncle, and in acknowledgment received the following char- 
acteristic letter from him : — 


Denmark Hill, London, S.W. 

March 31st, 1897. 

My Dear Niece, 

Allow me to thank you very much for the most 
interesting specimen of embossing in Utrecht velvet 
which you have been so kind to send me ; it brings back 
old remembrances that will be for ever dear to me. 

My sister was an artist of more than average ability 
in water-colour drawing, and excelled greatly in the art of 
embroidery in silk, and in due course was appointed 
embroideress to the Princess Victoria before she became 
Queen. 

It is rather curious that I seemed born with an 
instinctive taste for designing patterns, and when I reflect 
on my natural aptitude for mechanical inventions, this 
old power of designing foliage and flowers, but more 
especially, grotesque ideal scroll work and foliage, it seems 
to me to have been a sort of faculty of inventing unseen 
forms in almost endless variety, and when I was only 
eighteen I designed for one year the principal Indian 
patterns for the great Indian silk merchants — Kveringtons’ 
of Ludgate Hill. It is a curious fact, in connection with 
your friend’s letter, t hat 1 designed the patterns em- 
broidered by my sister, in the draperies of the beautiful 
cradle of Her Gracious Majesty’s first infant, at which 
early period I had the honour to be an exhibitor, together 
with my sister, at the Royal Academy, then held at 
Somerset House, in the Strand. 

My sister had made a great number of flower paint- 
ings which she put together in a portfolio she had made, 
and on which she asked me to write in bold printing 
letters, “Studies of Flowers from Nature, by Annie 
Bessemer.” This little incident shaped my whole future 
life. I thought I would write the inscription in gold 
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letters, and ordered two ounces of bronze powder (called 
also gold powder), but which is really only a beautiful fine 
brass, intrinsically worth eightpence per pound. I was 
charged fourteen shillings for my two ounces of brass 
powder, as a result that a material known and used in 
China and Japan for more than 1,000 years was still 
made by a roundabout hand-process, lienee its great cost. 
I invented an elaborate series of self-acting machines and 
manufactured it successfully. My first order was obtained 
by my traveller from the Colelnookdale Iron Company 
tor two pounds at eighty shillings per pound net. I kept 
the process a profound secret for about thiity-six years ; 
it furnished me with the money necessary for pursuing 
my many patented inventions, and then the secret leaked 
out, prices went down and down, until I was selling the 
same aiticle for which I had eighty shillings a pound as 
low as two shillings and ninepence, when I gave up the 
manufacture. 

Hut I am letting my pen run away with me and 
forgetting all about Utiecht velvet, between forty and 
fifty years ago I was exhibiting some specimens of cast- 
ings horn natuial objects, cast in white metal, and which 
were coated by a thin film of copper deposited thereon 
from an acid solution of that metal. 'The exhibition was 
known as “ Toblisses’ Museum of Arts and Manufacture/' 
which o< cupied the site of the present National Galleiy in 
'Trafalgar Square. 

These specimens were seen and admired by Mr. Pratt, 
an upholsterer in bond Sticet, and he sought me out, 
showing me a beautiful piece of velvet work of French 
manufacture ; he pioposed to produce a similar effect by 
embossing Utrecht velvet. He had tried the embossers 
of cotton velvet at Manchester, but they had utterly 
failed. 'This stubborn pile would not keep down, and 
the pattern was all gone in a few weeks. 

I studied the question both from a chemical and 
mechanical point of view, made some experiments, and 
found that my plan was successful. The simple fact is 
that wool, like the hair of all animals, partakes of the 
property of horn, and is fusible by heat, but that high 
temperature is destructive if continued for more than a 
second of time, and my rollers would burn the whole 
fabric if worked too slowly. There were many details to 
work out, and when that was done I constructed the 
necessary machinery at my own cost and managed to 
get six shillings a yard for all the velvet I passed through 
the machine. The first work done by the machine was 
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for the furnishing of a suite of rooms in Windsor Castle. 
With this good introduction the material became popular 
and fashionable, and, I may add, profitable. I increased 
the demand by lowering the price, and when it got down 
to one shilling per yard I sold the machinery to a manu- 
facturer of Utrecht velvet at .Banbury ; the price eventually 
came down to twopence per yard, and then omnibusses 
and cabs were lined with it. My great difficulty was, that 
I could find no one capable of preparing the rolls, and had, 
as a last resource, to do it myself. 

Your affectionate uncle, 

Henry Bessemer. 

This remarkable letter was written in his 85th year, 
a year before his death. 

I am sorry that I cannot send you a copy of the letter 
Sir Henry Bessemer sent to me about the same time. I 
hope I have it in my papers. 

Sir Henry’s sister, Miss Bessemer, at one time 
taught the Princess Victoria, before she became Queen, 
art embroidery and blazonry at the old Kensington 
Palace. The Princess became an adept at the needle- 
work of crests and banners and such like decorative 
work. If ever I find the last letter I will send you a copy. 

Yours sincerely, 

W. H. Bailey. 

Note 2 . Bessemer and the Exhibition 0/1851, 

Bessemer exhibited some of his patented sugar-re- 
fining machinery and glass-polishing apparatus at the first 
International Exhibition at the Crystal Palace in 1851. At 
this Exhibition the most important exhibits of steel were 
those of Krupp, and from Siegen came a fine exhibit of 
Spiegeleisen, the potential possibilities of which were 
little realised at the time by those who saw it, and who 
were later to be connected with the Bessemer process. 


Note j. The British Association and Bessemer and other 
authors of Papers, 

In the Report of the Transactions of the British Asso- 
ciation for 1856 only the title and the author of the paper 
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on “ The Manufacture of Malleable Iron and Steel without 
Fuel’’ is given, a no better treatment than was later given 
to De Rougemont, the great hoaxer. The 1 898 Report con- 
tains the following : — Section E, page 943. “ Twenty-eight 
years in Central Australia/' by Louis De Rougemont, 
and Section H, page 1015,“ On the Natives of North-West 
Australia," by ditto. With regard to this matter, Sir 
William H. Bailey wrote to me on August 25th, as 
follows : — 

The difficulties that assail pioneers can be further exem- 
plified by a mention of those that had to be sui mounted by 
the greatest discoverer of the nineteenth century — Dr. Joule, 

He wrote a paper, making public the Laws of the 
Conservation of Energy and the Mechanical Equivalent 
of Heat, for the British Association Meeting, in 1844. I 
believe that this was the Cork Meeting, as my late friend, 
Mi. Denny Lane, who had to do with it, was then manager 
of the Cork Gas Company — he later became the Chairman 
of Directors. Mr. Denny Lane was requested by a friend 
of Joule’s to get together an audience, as it looked as 
though Joule’s paper would be read in an empty room, for 
even those friendly to him took no interest in his discovery, 
not understanding the same. One of the officials also 
sought Mr. Lane’s help in getting together a few listeners. 

Mr. Lane, in relating this to me, some time later, said, 
“ I was one of five, and we listened for politeness’ sake to 
Joule, and not one of us was any the wiser when he had 
finished his paper, as we could not understand it." 

I believe that Joule mentioned his experience to his 
bi other baptist who was honorary organist at St. Peter’s 
Church, and where Mr. (afterwaids Sir) Thomas Sowler, the 
Editor of the “ Manchester Courier,” was Churchwarden. 
Through Mr. Sowler’s kind influence, a number of young men 
connected with the Sunday School of St. Petei’s formed 
another audience somewhere near St. James’s Square, I think 
in Back King Street, and this obtained for the discoverer a 
paragraph in the “ Manchester Courier.” Afterwards we 
know that it gradually dawned upon the scientific societies 
in Europe that this son of a Salford brewer had discovered 
the greatest generalisation of the Laws of Force and Energy. 
It is not to be wondered at that a new discovery has a diffi- 
culty in getting an audience, for all discoveries of great 
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moment have generally been made by amateurs, and it is a 
long time before the men who are proclaiming a new truth 
in the wilderness obtain scholars, students, and followers. 

W. H. B. 

Note Metallurgical Science at the time of Bessemer's 
invention. 

Fotircroy, the celebrated French chemist and Minister 
of Education in France, on the threshold of the 19th 
century, expressed the following prophetic sentiment : — 
“ L’art de fer, dans ses clivers degres de perfectionnement, 
marque cxactement le progres de toute civilisation.” 

Napoleon, who had a profound belief in science as an 
aid to power, called to the service of the State France’s 
most distinguished scientists. Under Fourcroy were 
gathered the mathematicians La Place, Monge, Carnot, 
and the chemists Berthollet, Chaptal and Guyton de 
Morveau. 

The first important works on the metallurgy of iron 
were written by Hassenfratz and Heron de Villefosse to 
Napoleon’s orders. Lavoisier had already investigated 
the processes of oxidation and reduction, and had thereby 
explained the majority of metallurgical processes. 

The mysteries of the different forms of iron had been 
investigated by Berthollet, Vandermonde and Monge. 
Claude Louis Berthollet, elected a member of the Man- 
chester Literary and Philosophical Society in 1790, was 
perhaps the first to point out that German steel made 
from spathic ores always contained manganese. He 
accompanied the French Expedition to* Egypt, and was, 
later, given the title of Count. 

Napoleon Bonaparte had already, as first Consul, in 
1800, proclaimed to the French that “ Gold and Iron” 
were necessary to command peace; hence his great efforts 
to promote metallurgical science and industry on the 
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Continent. 1 1 is attempt to close all markets to England 
— the so-called “Continental blockade” of 1806 — led, 
eventually, to Russia leaving the coalition in 1810 and 
joining England, thus setting in motion a train of events 
that led ultimately to Napoleon’s downfall This blockade 
did the most harm to the Continent, as England, owing 
to her insular position, had got a great start in the iron 
and steel and allied engineering industries, and was really 
the teacher of all Europe. The blockade merely served 
to delay similar industrial developments on the Continent ; 
thus it was that Napoleon’s political intrigues reacted on 
himself, and that England, in the end, achieved that 
“Gold and Iron” necessary for victory and subsequent 
peace, but not as Napoleon had planned. 

To David Mushct’s services to Great Britain in respect 
of metallurgical research, I have already alluded. In 
1810 the great Swedish chemist, Berzelius, determined 
the exact composition of the oxides of iron ; along with 
Thompson, Wollaston, and Davy, he had done most to 
advance Dalton’s views, first brought before this Society 
in 1803. In 1821 Karl Karstcn was given the highest 
official position related to mining in the Ministry of the 
Prussian King, Frederick William, under his well-known 
Minister, Von Stein. He can be said to have been the 
first to have put the Silesian iron industry on a sound 
footing, and in addition to an immense activity and 
practical knowledge, he was the most important author of 
his period on the metallurgy of iron and steel. The three 
editions of his great work on “ Eisenhuttenkundc,” pub- 
lished in 1816, 1827 and 1841 respectively, give the most 
complete survey of the progress of iron and steel manu- 
facture over that period. The researches of Berthollet 
and Stiinckel on spathic ores appears to have led that 
indefatigable Lancashire ironmaster, John Wilkinson, into 
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taking out a patent in 1808 tor adding manganese, or 
manganiferous ores, to iron ores for the production of 
iron to imitate the Continental steels made from spathic 
ores. Klaproth’s accurate analyses of manganiferous 
iron ores were already then available. Karsten carried 
still further Mushet’s investigations into the carbon 
contents of various steels and irons, and he, still further, 
showed the effect of sulphur in producing red-shortness, 
and of phosphorus in producing cold-shortness. 

The investigations of Berthier, Berzelius and Karsten 
on blast furnace and refinery slags, and the reduction of 
iron by carbon, threw important light on the working and 
control of furnace charges. The alloys of iron and steel 
were investigated by Stodart, Faraday, Berzelius, Stro- 
meyer and others. 

The analyses of iron and steel and other metallurgical 
researches by Liebig, Gay-Lussac, Davy, Wohler, Wilson, 
Thompson and others were made known by the publica- 
tions of Hartmann. In 1851, appeared Rammelsberg’s 
handbook on the chemistry of metallurgy, and, in 1855, 
the handbook of Bruno Kerl, and, in the same year, the 
work of Truran in England. In 1857, Gruner pointed 
out that the acid slag of the Bessemer converter barred 
the removal of phosphorus. In fact, the period of 1851 
to i860 was very rich in metallurgical literature, mostly 
of German and Swedish origin. It is not possible to do 
more here than thus give a brief glance over the wide 
range of technical knowledge appertaining to iron and 
steel that existed prior to Bessemer’s discovery, yet it is 
sufficient to illustrate the old lack of co-operation between 
practice. and theory, a feature not unknown to-day, as 
those who, like myself, have occasionally to investigate 
new processes have had opportunity of observing. One 
cannot, indeed, help but reflect, on reading about Besse* 
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trier’s long, fruitless and costly experiments during the 
period of 1856-1858, how infinitely useful would have 
been to him and his advisers a polytechnic, or sort of 
technical clearing-house, of information bearing upon the 
problems with which they were contending. 

A new era, however, was to dawn before the advance 
of technical education, and the widespread publicity given 
to theoretical and experimental research work furnished 
to a would-be inventor a ready knowledge of what had 
been already accomplished and, to some extent, of what 
remained to be done. 

The union of theory and practice is a modern de- 
velopment, for the fact remains that most of the great 
inventions of the past owed their creation to men whose 
qualifications were mainly practical, and who were guided 
by instinct and intuition rather than by scientific know- 
ledge. Bessemer was no exception to this. He, himself, 
is reported to have said that had he been a metallurgist, 
he would not have come to the idea of his steel process. 
This saying expressed a half truth only, for the romance 
of industry, as of art, abounds in examples of genius 
bursting its bonds and following an apparently irresistible 
impulse towards new and unexpected achievements. 

It has, however, become more and more recognised 
that Science is the indispensable hand-maiden of In- 
dustry, and that the most rapid industrial developments 
of recent years have been found where the highest tech- 
nical training has been employed. 

Technical science is, to-day, the greatest factor in 
industrial progress, and is destined to become the greatest 
leveller of nations. 

Note 5. The Future of Bessemer Steel. 

Whilst it is true that in 1912 more Bessemer steel was 
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produced than in any other previous year, it is also the 
case that the open-hearth process now takes, by far, the 
premier position as regards output. 

In 1907, the world’s outputs of Bessemer and open- 
hearth steel were about equal In 1908, the Bessemer 
output was about 1 \ million tons less than that of the 
open-hearth output , whilst, in 1912, the Bessemer output 
(29,350,000 tons) was about ii| million tons less than 
that of the open-hearth output (41,022,000 tons) It will 
be seen, therefore, that the Bessemer process is fast losing 
ground in comparison with its newer rival This is due 
to two main causes In the first place, it is due to the 
gradual exhaustion of suitable ores for the Bessemer pro- 
cess, and, in the second place, to the great development 
of the open-hearth process, due to the abundance of 
suitable material for the same and its advantages in 
respect of the utilization of the world’s ever-increasing 
supply of scrap iron and steel. 

The introduction of the electric furnace for steel- 
refining, the most modern of metallurgical developments, 
appears likely to give renewed vitality to the Bessemer 
piocess, experiments which have recently been made in 
the United States, Germany and French Lorraine, in 
giving Bessemer steel a short final treatment in the 
electric furnace, having proved most successful 

Ernest F. Lange 
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XVIII A Tylodendron-like Fossil. 

By F. E. Weiss, D.Sc , F L.S., 

Pt esident of the Society 

{Read April 22ud y 1913 Received for publication Septemlei 29th, 1913 ) 

At a meeting of the Manchester Literary and Philo- 
sophical Society held on December 10th, 1912, Mr. T. A 
Coward exhibited a silicified specimen which appeared 
to be a plant remain of some nature, but the origin of 
which was somewhat doubtful. It was brought to his 
father by a labourer, who stated that he had picked it up 
in a brickfield in the neighboui hood of Altrincham, 
Cheshire. Jt seems unlikely, howevei, fiom the nature 
of its preservation, and also from the stiucture of the 
plant remain as described below, that the locality in 
which it was found was the place in which it occurred in 
nature, though it is equally puzzling to know how it got 
there 

The specimen has now been more carefull) studied, 
and I can give the following account of it 

In form it is barrel-shaped (see PI /), but somewhat 
elliptical in section It measures 7 cm in height, and at 
its widest point it has a diameter of 6* 3 cm., while it 
tapers away at the top and bottom to 4 5 cm 

It shows moie or less clearly on the outside narrow, 
rhomboidal markings, which are arranged in a steep spiral, 
and each of these areolae is marked by a linear depres- 
sion extending about one-third of the length of the 
space. 

These markings and the general shape of the fossil 
lead to the identification of the fossil with Tylodendron, 
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a genus instituted in 1869 by Weiss, 1 who considered it 
to be a conifer, the slitlike depression being regarded by 
him as a resin-carial, such .as occur in most of our recent 
conifers. Potonie, 2 however, came to the conclusion that 
Tylodendron is not the complete tissue of a fossil plant, 
but only the pith-cast of a coniferous tree, possibly 
closely related to Araucaria. The areolae he correctly 
identified with the markings of the primary medullary 
rays where they join the pith, while the depressed grooves 
around them indicate the positions of the primary wood. 
The narrow slit in the cushion-like area represents the 
position of the leaf-trace not quite median to the cushion, 
but slightly on one side. 

Potoni6 has shown by the comparison of Tylodendron 
with the pith cast of Araucaria brasiliana that the 
marking of the two is in close agreement, and also that 
the occasional barrel-like swellings appear to represent 
the increase in thickness of the medullary region at the 
points where the whorls of branches are given ofif. In 
one specimen of Tylodendron, at all events, described 
by Potonie, branch scars and remains of branches have 
been met with, and also portions of the surrounding 
woody cylinder. For the most part, however, the speci- 
mens of Tylodendron are mere pith casts. In some 
cases, however, the pith has been silicified, so that its 
structure and that of the adjacent woody tissues have 
been able to be examined by Potonid. These specimens 
have shown that the wood possessed the structure 
generally described for Araucarioxylon, and particularly 
with the species A . Rhocteanum. 

1 Weiss, Ch. E. “ Fossile Flora der jiingsten Steinkohlen-formation 
undder Rothliegenden im Saar-Rhein-Gebiet.” Bonn, 1869. 

2 Fotonie, H. “Uber die fossile Pflanzengattung Tylodendron,” 
Jahrbuch der Konigl. preitss . Geologischen Landesanstalt , 1887. 
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The size and general external appearance of the fossil 
exhibited by Mr. Coward is in close agreement with one 
of the periodic enlargements of Tylodendron. There are, 
however, certain internal features in which this plant 
differs from those described by Potonte and which warrant 
a careful description of its structure. 

A transverse section through our specimen shows that 
except for a few longitudinal fissures the tissues are 
fairly well preserved throughout the specimen, though the 
tissues do not allow of the most detailed examination. 
Almost the entire mass consists of pith or medulla, but 
along the circumference there are disconnected masses of 
lignified tissue consisting of the woody tissues of the stem. 

The pith is seen to be composed entirely of thin- 
walled parenchyma similar to that described by Potonid 
The cells are polygonal, more or less isodiametrical in 
shape, sometimes, however, slightly longer in a horizontal 
direction, while towards the outside, where they approach 
the protoxylem, the long axis of the cells is parallel to 
that of the woody elements. The size of the parenchyma 
cells varies from 8-1 ifi in their shorter diameter and 
from 15 to jOfi in their longer diameter. The outer 
portions of the pith have very numerous secretory canals 
with dark brown contents, very like those found in the 
Medullosae, in Cycads, and also in the pith of Poro- 
xylon. These have not been observed or described, as 
far as I know, in any other specimens of Tylodendron 
showing structure. Each of these ducts is surrounded by 
eight or more cells, often slightly radiate in their arrange- 
ment, of large parenchymatous type, similar to those of 
the rest of the pith (see PI. //., Fig. 1). The canals are 
always filled to some extent by a darker coloured mass, 
probably the remains of whatever secretion they contained. 
In longitudinal section they are seen as long and con- 



4 


Weiss, A Tyhdendrondike Fossil. 


tinuous passages passing vertically between the cells of 
the pith, and in this view, too, they resemble the mucilage 
canal of the Cycadales. It will be seen, however, that in 
our specimen of Tylodendron the duct has usually no 
specialised secretory cells of smaller size than the ordinary 
pith cells. It is, therefore, of a less highly organised or 
specialised nature. In some cases, as illustrated by Pl. //., 
Fig . . 7, some of the surrounding cells may show that a 
division has taken place, though this is not the usual con- 
dition. In one case {PL //., Fig. 4) repeated division has 
taken to form a very specialised secretory and surround- 
ing layer. 

These secretory passages form a very striking feature 
of the pith, and are certainly very distinctive of the Tylo- 
dendron under consideration. They are not found 
throughout the pith but are numerous in the outer layers 
to the depth of about 1 cm. from the periphery. Their 
course, as seen in longitudinal sections, is vertical, without 
bending about as is sometimes the case with similar ducts. 

I have not seen them passing out through the foliar gaps, 
nor do they seem to have any connection with the leaf- 
traces. Running vertically as they do, they do not show 
clearly any anastomosing, but sometimes two may be seen 
running closely side by side ; and from such transverse 
appearances as are shown in PL lf. y Figs. 2 & 3, one may 
conclude that at times they unite after running side by 
side for some distance. In no case have secretory passages 
of any kind been found among the woody tissues of the 
plant. 

The pith cells are all parenchymatous in character, 
and, as is seen most clearly in longitudinal sections, slightly 
drawn out in a horizontal direction, except at the outside, 
where they join on to the vascular tissue. Here their 
long axis is parallel to that of the adjoining tracheids. 
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In most parts of the section the walls appear entirely 
without marking, but in some regions the cell walls are 
impregnated with reddish brown colouring matter, and 
then the walls are marked with distinct oval pits. There 
is no indication in the longitudinal sections of the existence 
of any transverse diaphragms such as are shown on the 
specimens of Tylodcndron from Prince Edward’s Island, 
described recently by Miss Holden/ 

The lignified tissues are found in the depressed regions 
forming the boundary of the lozenge-shaped areas. In 
places where the rhomboidal marking is indistinct on the 
outside, this is due to a larger amount of the wood 
having been preserved, so that the projecting masses of 
the pith corresponding to the foliar gaps are not so clearly 
shown. The short depression running up about a third 
of the length of some of the areolae, and which has been 
identified by Potonie as the leaf-trace, is also composed of 
vascular tissue, and there is no doubt that Potonie has 
correctly interpreted this feature of the Tylodcndron cast. 

Unfortunately, the state of preservation of our speci- 
men is not sufficiently good to make out all the details of 
structure of the wood, but some features of interest can 
be definitely ascertained. It will be seen, as shown in PI 
II ., Fig. 6, that small groups of tracheids arc found on the 
inside of the main mass of secondary xylem, and 
usually separated from it by one or more rows of 
parenchyma cells. These groups are of small size. That 
represented in PI If., Fig \ 6, is one of the largest and the 
best preserved, but they sometimes seem reduced to a single 
tracheid. They are often surrounded by parenchyma 
cells, which are drawn out radially from the group so as 
to present a stellate appearance, not unlike the ground 

3 Holden, Ruth. “Some Fossil Plants from Eastern Canada.” 
Annals of Botany , vol. xxvii., 1915. 
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tissue surrounding the primary wood of Pitys antiqua * 
But these isolated patches are never as large as those of 
Pitys antiqua , and are sometimes almost continuous with 
the main woody cylinder. In these small groups it has 
not been possible to note much difference in the size of 
the tiacheids, and we cannot therefore determine whether 
they had a mesarch or endarch structure, though the 
particular group figured may suggest a mesarch arrange- 
ment. FrOtll longitudinal sections it would appear that 
the primary wood is somewhat sinuous in its course — 
sometimes bending away from the secondary wood 
towards the pith, sometimes joining close up to the 
secondary tracheids. This would to some extent explain 
the irregularity of these isolated groups of tracheids. If 
these groups represent the primary wood, we may, I 
think, conclude that their feeble development represents 
the transition to a different type of vascular development, 
and nearer to that found in recent Gymnosperms. The 
occurrence would, indeed, be an analogous case to that 
described by Zalessky 5 in Mesopitys Tchihatcheffi , though 
occurring probably in a different series of forms Similar 
isolated groups of tracheids are figured by Wieland in 
Cycadoidea Wielandi } where sometimes two groups may 
be found on the same radius. The longitudinal section 
represented in PI. //., Fig. 7, may possibly represent two 
such radial groups, or both isolated tracheids may belong 
to a larger group, cut tangentially. 

The main xylem masses commence with small 
tracheids, but only in one case could a distinct spiral 
vessel be observed, otherwise both the isolated and the 
innermost tracheids show scalariform markings. The 

4 Scott, D H. “ Studies in Fossil Botany,” 1909. Vol. ii., p. 516. 

5 Zalessky, M.D. “fetude sur l’anatomie du Dadoxylon TchihuUcheffi.” 
Memoires du tomtit geologique^ .St, Petersbourg, 1911. 



Manchester Memoirs, Vol. Ivit. (1913), No. 18 . 7 

tracheids nearer the outside are pitted. There seem also 
to be transition stages between the two. In some of the 
outermost scalariform tracheids the pits are wide and 
oblong (PI II., Fig. 8#), and in some of the nt?xt tracheids, 
which have two rows of pits, one notices here and there 
cases of “fusing” of two lateral pits(/V II., Fig Sb), both 
of which cases have been recorded for the Araucarineae 
by Boyd Thompson.' 1 Where the rows of pits occur 
they are usually alternate, and being somewhat crowded 
become slightly polygonal in shape. (Pi. //., Fig. Sc.) The 
outermost tracheids have usually only one row of pits. 
(PI. //., Fig. Sd.) The state of preservation is not 
sufficiently good to show in the longitudinal sections the 
nature of the outer poie of the bordered pit. But that the 
pits were bordered can be inferred from certain of the trans- 
verse sections where a distinct lens-shaped thickening of 
the radial walls is recognisable, and in one or two cases 
traces of the middle lamella were observed. The compara- 
tive sizes of tracheids and pits are as follows : Scalariform 
tracheids, *02 to -025 mm. ; pitted tracheids, ’025 mm., some- 
what narrower in the tangential diameter. Where one row 
of pits occur, the latter are slightly flattened above and 
below by the adjacent pits, and have a horizontal diameter 
of *017 mm. and a vertical diameter of *015 mm. Where 
two rows of pits occur, each has a horizontal diameter 
of about 'Oi 2 mm. and a vertical diameter of 01 mm 

The medullary rays are numerous. They are generally 
one cell in thickness, and vary in height from one to about 
six rows of cells. It is impossible from the state of 
preservation to say whether there are any ray tracheids or 
not. The cells of the medullary ray, as far as one can 
tell, are all of one kind. They are horizontally drawn out 
so as to be in contact with about five or six tracheids. 

* Thompson, R. B. ‘‘Anatomy and Affinities of the Arancarineae ** 
Phil. Trans., vol. *04, 1913, p, 18. 
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The leaf-traces which are given off from the base "of 
the foliar gaps are of fair size and are not quite median 
itt their insertion, but seem to be attached fpr a short 
distance to one side of the gap. They run vertically for 
some distance, about % of the length of the foliar gap, 
and can be seen to consist of two distinct branches 
separated by parenchymatous tissue. Towards the base 
these two strands join and then fuse laterally with the xy- 
lem mass of the stem. Each branch has a small group of 
central tracheids, sometimes separated from the regularly 
arranged rows of secondary tracheids. In transverse 
sections it was not possible to determine the position of 
the protoxylem owing to the slight differentiation in 
the size of the tracheids, but a good longitudinal section 
indicated an endarch arrangement. After running verti- 
cally upwards for some distance, the leaf-trace bundles 
bend sharply outwards, and can no longer be followed in 
the specimen, which is limited to the pith and the adjacent 
tissues. 

From tht foregoing description of our specimen it 
will be seen that it agrees, in the main, with other Tylo- 
dendra, but it is not possible to be quite definite as to the 
systematic position of the plant to which it belonged. 

As stated at the commencement of this paper, Potoni£ 
definitely identified the Tylodendron remains originally 
described by Weiss and re-examined by himself as pith 
casts belonging to the stems Of Araut&rioxylon Rhodemtnm , 
which itself was probably the stem of the genus Walchia 
of Sternberg. At all events Tylodendron was the pith of 
an Araucarian tree. Seward 7 found somewhat similar 
pith casts, but devoid of periodic dwellings, which he 
correlated with the genus Valtzia kfUrophyUa, which is 

7 Seward, A. C. “ t ylodendron and Vojteia” GeoL Magazine, Decade 
( iii M vol. vii. , No. 31 1 , May, 1S90. 
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generally regarded as a member of the Taxodineae, but 
has also been considered as possibly Araucarian. 

The Tylodendron lemains from Prince Edward Island 
in Canada, examined by Miss Holden, 8 differ from the one 
described in this communication in the possession of a 
discoid pith being similar to that of the Cordaitales, but the 
detailed structure of the wood is of Araucarian type, so 
that Miss Holden leaves their affinities undetermined. 
She considers them not closely related to the Cordaitales, 
and there seems to her “ to be no sufficient grounds for 
relating them to any group of living conifers ” 

The specimen described in the present communication 
differs in the structure of its pith, both from the Tylo- 
dendron described by Potoni6 and from the Canadian 
forms, by the possession of numerous secretory passages 
The presence of these canals, resembling so closely those 
of many of the members of the Cycadales, inclined me at 
first to the view that this silicified inner portion of the 
stem might have belonged to a member of that group. 
On the other hand the structure of the secondary wood is 
not Cycadian in nature but more of the Araucarian type, 
the pits being in one or two rows, and not occupying the 
whole width of the tracheid, a point on which Gothan 
lays some stress 8 

A reconciliation between the Cycadian or Cordai- 
talean nature of the pith and the Araucarian nature of 
the wood is now possible, since Thompson has described 
mucilage ducts in the medulla of the cone of Araucaria 
imbricata , w 

* loco. at. 

® Gothan, W. “ Uber die Wandlungen der Hoftupfelung bei don 
Gymnospermen im Laufe dcr Geolog ischen Epochen . ” Sitznngsberichte, 
dtr Got. nuturf Frtunde. Berlin, 1907. 

10 Thompson, ft, B. “On tins Comparative Anatomy and Affinities df 
the Araacariaene.” PUh TVaw, Series 04 , vol *04* 1913, 
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As Thompson rightly considers that the cone axis 
often preserves ancestral characters, he believes that the 
mucilage ducts in the medulla of the latter may repre- 
sent the “ retention of a primitive form of organisatipn,” 
and it may be that ancestral Araucarineae possessed 
mucilage ducts in the medulla of their stem The pres- 
ence of secretory canals, possibly mucilage ducts in our 
Tylodendron, might therefoie not militate against its 
identification as a member of the Araucarineae. It 
must be pointed out, however, that the mucilage ducts of 
oui Tylodendron are far simpler in structure than that 
figured by Thompson for Araucatta Bidivelln The 
latter is surrounded by a large number of cells, and there 
has evidently been a considerable meristematic activity 
of the cells sunounding the canal. In the Tylodendron 
the canal is normally surrounded by 8 to io large 
parenchymatous cells of the 01 dinary type, making up the 
medulla, and only in one or two cases were new divisions 
visible in the latter. The canals were therefore of a 
more primitive type than those of the recent Araucarias 
described by Thompson. This is, of course, what one 
might expect in an extinct form On the other hand the 
peculiar secretory canal shown in PL II , Fig 4, with the 
very numerous divisions of the surrounding cells, shows 
that the plant already possessed the power of forming a 
much more elaborate duct not unlike the large mucilage 
canal figured by Thompson for recent Araucarias. There 
are, it is true, other differences between the secretory 
canals of our Tylodendron and the mucilage of recent 
Araucarias Those of Tylodendron were never observed 
to pass out beyond the pith, but it is possible that they 
may do so occasionally, and though they do not regularly 
anastomose, occasional fusion of two moie or less parallel 
canals seems to have taken place 
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The structure of the secondary wood, consisting as it 
does largely of tracheids, with one or two rows of pits, 
points to Araucarian affinity of our fossil, though the 
considerable number of scalariform tracheids which pre- 
cede the pitted elements seems to indicate a primitive 
form of that group. As Thompson 11 has now confirmed 
the old view of the derivation of the Araucarineae from 
the Cordaitalean stock, we may expect our fossil to 
show some features of the latter. The secretory canals 
referred to above may be considered in that light as well 
as the large number of scalariform elements. Moreover, 
we must remember that even among the Cordaitales we 
now know of members with bordered pits in one or two 
rows ; for this is one of the diagnostic characters of Meso- 
xylon poroxyloides described by Scott. 12 

The remains of groups of tracheids possibly repre- 
senting primary centripetal xylem may also be regarded 
as of a primitive nature, and, ill-defined as these are, they 
may indicate, as Zalessky 13 has said of the same pheno- 
menon in Dadoxylon ( Mesopitys ) 7 chihatcheffi, “la marche 
probable des modifications de la structure mesarche du bois 
primaire des anciens types gymnospermes dans la direction 
de celles qui est propre aux especes actuellement vivantes 
du meme groupe.” 

We obtain no help towards the identification or classi- 
fication of our fossil plant from the fact that it possesses 
foliar gaps and double leaf-traces. These characters it 
shares both with the Araucarineae 14 and the Cordaitales. 

11 Loc . cit.y p. 42. 

13 Scott, D. H. “The Structure of Mcsoxylon Lomaxii and M. poro> 
xy hides.” Annals of Botany, vol. xxvi., Oct. 1912. 

13 Zalessky, I M. D. “ ihude sur l’anatomie du Dadoxylon 7 chihatcheffi, 
Goeppert. Memoires au Comitt geologiquc St. Petersbourg, 191 1, p. 21. 

14 Thompson, loc. cit. 
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We are thus left with the conclusion that our Tylo- 
dendron-likc remains belonged to a plant showing certain 
Araucarian characters (secondary wood) while some of 
its structures (scalariform tracheids, secretory passages, 
and possibly groups of centripetal wood) indicate it to be 
more primitive than the recent Araucareae, and in these 
characters it was more in agreement with some of the 
Cordaitales. 

This conclusion is of interest when we remember that 
some of the Tylodendra described by Miss Holden pos- 
sessed discoid pith. Probably various members of the 
Cordaitales and the Araucarineae, as well as plants inter- 
mediate between these two groups, may have given rise 
to Tylodendroid remains, and thus their investigation 
may throw some light on the relationship of these two 
groups of plants. 

Other groups of Gymnosperms, too, may have 
possessed a pith which, when preserved, has presented 
a similar appearance. Thus, the pith casts described by 
Seward belonged in all probability to Voltzia, which is 
considered to be one of the Taxodineae 

Until the specimen described in this communication 
can be more definitely identified, it might for convenience 
be referred to as Tylodendron Cowardii. The remains of 
the fossil and the sections cut from it are now in the 
Museum at the University of Manchester, Mr. Coward 
having presented the specimen to that institution. 
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EXPLANATION OF PLATE I. 

Tylodendrott Cowardit. 

A —External view slightly reduced In the upper half some of 
the lozenge-shaped areas (foliar gaps) show the leaf- 
trace running up from the lower angle of the gap. 

B —External view from the other side. The irregular markings 
• in the thickest portion of the fossil may lepresent the 
position of branch scars. Both views show a trans- 
verse mark where the fossil had been cut in two. 
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EXPLANATION OF PLATE II. 

Fig. i.— Secretory passage (mucilage? canal) from pith of 2 yi<h 
dendron Cowardti in transverse section. Several of the 
surrounding cells have undergone division, x 6$. 

Fig 2 . — Two adjacent secretory canals of the pith, x 65. 

Fig. 3. — Apparent fusion of two adjacent canals, x 65. 

Fig. 4. — Secretory canal showing repeated division of the sur- 
rounding cells of pith The dotted lines indicate the 
walls which could not be clearly distinguished in the 
section, x 65. 

Fig 5. — Longitudinal view of secretory canal. The horizontal 
elongation of the parenchyma cells of the pith can be 
clearly seen, x 65. 

Fig. 6. — Portion of transverse section across the inner margin of 
the vascular tissues showing a group of tracheids 
isolated in the parenchyma of the pith, x 150. * 

Fig. 7. — Radial longitudinal section through portion of vascular 
tissue showing two isolated scalariform tracheids to the 
inside (left) of the main mass of tracheids. x 150. 

Fig. 8. — Portions of tracheids from radial longitudinal section 
showing various forms of pitting. 

a. Horizontal pits. 

b. Two rows of bordered pits and one 11 fused ” pit 

at base. The latter closely resembles the pits 
seen in a. 

c. Two alternate rows of pits. 

d. Single row of pits. Ail * 230. 
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I wish here to express my sincere thanks to Mr. Francis 
Jones, M.Sc., F.R.S.E., F.C.S , who kindly lent me the 
originals of Pis . IILA and II I.B for reproduction, and 
to Mr. A. Sutton, who provided me with the rare woodcuts, 
Text-figs . i and 2, referring to Dalton. The other docu- 
ments are out of my own collection. 
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XIX. Contributions to the History of Science 
(Period of Priestley— Lavoisier — Dalton), 
based on autograph documents. 

By Kurt Loewenfeld, Ph.D. 


( Read October 29th , 1912 , ami November 26th , 1912. Received for 
publication December JO/h, 19/2.) 

I. Dalton and his Contemporaries. 

It is an obvious fact that the history of science is a 
subject to which at present comparatively few turn their 
attention. Considering the many intellects which we find 
devoted to the advancement of science in every depart- 
ment, it is certain that lack of workmen cannot be the 
reason. 

It might be suggested that in a time like ours, when 
new inventions and discoveries are made daily, it would 
be much more tempting to direct the searching eyes only 
into the future and to leave the past, which appears to the 
casual inquirer merely a land of obsolete facts and exploded 
theories, to its dusty existence in rarely opened folios. 

When we hear how a great invention or an important 
discovery was made, our passing interest is aroused, but 
that good men should tarry and dig around the foundations 
of that most marvellous building of human science, instead 
of helping to raise its lofty towers, remains in the eyes of 
the majority waste of otherwise more useful energy. 
Nevertheless, is it really a waste ? Is the history of science 
not a most important factor ? 

Every age has presented its own problems and has 
formed its own more or less true solutions. Methods have 


November 29th, ipij , 
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to some extent changed but not so much that the methods 
of by-gone times, either theoretical or practical, could not 
be studied and used again with some advantage. 

The value of the study of political history in mental 
culture is admitted. But how often is history well taught, 
or rather, how rarely ? 

It is impossible to understand modern times without 
a knowledge of the development brought about by the 
evolution of science, caused, accompanied and followed 
by the great technical inventions like cheap printing, and 
the triumph over the powers of nature, especially through 
the applications of steam and electricity and through the 
use of chemistry. The history of these developments, 
which at present is only casually taught, should form the 
basis from which modern universal history ought to be 
considered, and should be treated at least as extensively 
as all the Greek and Roman Wars. If we look around 
arid see which methods are everywhere employed to foster 
historical studies, we find that in literature and politics 
the study of documents has proved itself invaluable. 
Every scrap of paper on which a great king, a great 
musician or writer, has set his pen is nowadays eagerly 
collected and forms — at least in many cases — the material 
not only for biographies but for history itself. It is to be 
regretted that similar methods are so seldom employed as 
far as the history of natural science is concerned. 

I myself have tried for some years to form a collection 
of documents relating to the development of science, a 
few of which I shall refer to in detail. 

I think I could not commence with a name more 
interesting to this Society than that of John Dalton. 

The most important of my Dalton manuscripts is the 
table of atomic weights in Dalton’s own handwriting. 
(See PL /.) The paper is not dated but it bears the 
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Plate I 
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Specimen of John Dalton hind writing 
(Draft of Atomic Table J 
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watermark 1815. The fact that mention is made of 
Deutoxide of Hydrogen (Hydrogen peroxide H a O a ), 
which was only discovered by Thenard in 1818, will 
compel us to date the handwriting not earlier than that 
year. On the other hand, it can be shown by comparison 
that this table was a draft for the last table published by 
Dalton in 1827. It is therefore evident that it was 
written between 1818 and 1827. 

As Sir Henry Roscoc has reproduced in his ‘ New 
view of the Origin of Dalton’s atomic theory’ the first 
draft of the atomic figures, the original of which belongs 
to this Society, I thought it would be interesting to see 
the table in its final form. 

With the name of Dalton' is closely connected that of 
William Henry. William Henry, the son of Thomas 
Henry, who was the Secretary of the Literary and 
Philosophical Society, and its President from 1807 to 1816, 
studied medicine and became Physician to the Manchester 
Infirmary. Like his father, he was deeply interested in 
Chemistry. In this field, the law 1 named after him, 
communicated by him to this Society in 1803, has cer- 
tainly to be accounted one of the impulses actuating Dalton 
in his atomic investigations. Henry also resembled 
his father in that he was a successful chemical manufac- 
turer. The following letter shows him vacillating between 
scientific pursuits and practical progress : — 

Manchester, 

1 8th August, 1817. 

My Dear Sir, 

It is impossible that I can feel otherwise than 
highly gratified by your friendly letter which has 
this morning reached me, and by the flattering sug- 
gestion which it contains. To be thought worthy, 

1 Henry’s law states that the volume of a gas dissolved by a definite 
volume of a liquid is independent of the pressure. 
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by yourself and by my other friends at Glasgow, to 
fulfil the duties of a station of such importance and 
usefulness as the one which has lately become vacant 
in your university, is of itself a distinction which I 
little expected and which (whatever might have been 
the result of my becoming a candidate) impresses me 
with the most lively sense of obligation. As a source 
of emolument, the office (could I have succeeded to 
the extent of my own wishes in performing its duties) 
would have been an object of great consequence to me. 
But though I estimate most highly its value in this 
way, as well as in conferring scientific rank, yet I am 
compelled, by a variety of circumstances which for 
some years to come must bind me to this spot, to 
forego all intentions of proposing myself for a situa- 
tion which, in almost every respect, would have been 
more agreeable to my taste and habits than the 
sphere in which I am now moving. For some time 
past, I have been induced, by habitual delicacy of 
health, to decline rather than to seek an extension 
of medical practice, and as my family is a 
pretty large and increasing one, I have made, 
whenever I have been tolerably well, great exer- 
tions to extend my chemical manufacture. These 
exertions have been attended with all the success 
I could have expected, and from time to time I 
have been induced to lay out sums of money in 
buildings and utensils, the aggregate of which is to 
me of serious moment. I am of opinion, therefore, 
that it will be more consistent with my interest and 
happiness to persevere steadily in the course I am 
now pursuing than to yield even to so strong a 
temptation as that which you hold out. Added to 
this, the very disqualification which unfits me for 
medical practice, would be a serious bar to my 
performing the duties of the proposed situation with 
that regularity which would be absolutely necessary. 
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Twice within the four or five last years I have had 
attacks of haemoptysis, slight it is true, but still 
sufficient to render any situation ineligible in which 
public speaking would be a necessary duty. That I 
may not, therefore, be the means of interfering with 
the views of any other candidate, I lose no time in 
declining your very kind and ^flattering suggestion 
and in assuring you and my other friends who have 
concurred in it that I am deeply sensible of the 
esteem by which it has been prompted. 

Now that the office is vacant, would it not be 
advisable to require that the future holder of it should 
not practise medicine? All the sound and formidable 
reasoning of Professor Playfair 2 in the controversy 
respecting the mathematical chair of Edinburgh seems 
to me to apply with equal weight to a chemical 
lectureship. In the courses of Lectures which I 
formerly gave, I found employment for my whole 
time as long as they lasted, and though much may 
no doubt be done to abridge the labour by arrange- 
ments similar to those so successfully practised by 
Dr. Hope , 3 yet I cannot conceive even moderately 
extensive medical practice to be otherwise than 
incompatible with daily lectures on any experimental 
science, and with that devotion of mind and ardent 
enthusiasm which a public teacher ought to feel and 
to kindle to a considerable degree in his hearers. 

Believe, etc., etc., 

W. Henry. 

To Dr. Bown, 

Miller Street, 

Glasgow. 

2 John Playfair (1748-1819), Mathematician. Joint Professor of Mathe- 
matics at Edinburgh 1785-1805 ; became in 1805 Professor of Natural 
Philosophy. Grandfather of the famous chemist, Sir Lyon Playfair. 

3 Thomas Charles Hope (1766-1844), Professor of Chemistry at Glasgow 
and Edinburgh. 
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The end of the letter is most interesting as it throws 
a sidelight on University teaching in 1817, when the 
Professor of Chemistry at a University such as Glasgow 
had also to fulfil the duties of a medical practitioner. 

The following letter is remarkable as it shows the 
close intimacy which existed between the writer and 
Michael Faraday. Henry’s admonitions were not thrown 
away, as Faraday at this time was busy with his immortal 
discoveries concerning the electrical current As the 
letter treats to a great extent of personal matters, an 
extract may be sufficient : — 

Manchester, 8/2/1831. 

.... Having got your second edition 4 off your hands, 
you must permit me to say that I hope you will direct 
your next exertions to some of those elevated topics 
of chemical philosophy to which you have established 
your title to aspire. In the exercise of your public 
duties in the Royal Institution, 5 you must necessarily, 
while treading the ground which has been already 
cleared, sometimes cast your eye beyond its boundaries, 
and catch glimpses of extensive tracts on which 
nothing more than a dawning light is yet shed. It is 
impossible for anyone (even for a person like myself, 
whose energies of thought and purpose are on the 
wane) not to be warmed into something like enthusiasm 
when fancy pictures the glories that are yet to be won 
in the fields of chemical science. These bright though 
distant prospects will, I trust, tempt you to open and 
pursue paths that may lead you to great discoveries, 
to the benefit of science, and to the increase of your 
own honourable fame .... 

William Henry. 

To Michael Faraday. 

4 Viz., of “Chemical Manipulation.” First edition in 1827; second 
ed., 1830. 

6 Faraday had become, in 1813, Davy’s assistant; in 1825, Director of 
the Laboratory of the Royal Institution, and had given his first course of 
lectures in 1826 at the Institution, followed by innumerable other lectures. 
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William Henry had a great inclination towards his- 
torical studies, and, besides publishing some interesting 
papers on Priestley, etc., collected material for a history 
of chemical discovery. Unfortunately, this material never 
appeared in print. It was, however, the lot of his son, 
William Charles Ilenry, to enter the field of historical 
authorship by the ‘ Memoirs and the Life and Scientific 
Researches of John Dalton,’ which was published ten 
years after Dalton’s death by the Cavendish Society. The 
author thought it necessary (see Preface) to apologise for 
the long delay. He states, as a reason, that Dalton 
bequeathed to him and his three co-executors ‘ all his 
philosophical, scientific and literary manuscripts and 
correspondence, to be disposed of as they may judge most 
fit.’ Henry states further that this clause of the will was 
not communicated until 1844. He goes on to say 
‘ Regarding them (he refers to the clause of the will) as 
significant of my venerable friend’s intention that I should 
act as his literary executor, and should write some account 
of his life and discoveries, I commenced shortly after my 
return (namely, from a journey to Italy in 1844-5) 
prepare for the task.’ 

This printed statement is flatly contradicted by a 
letter, in Henry’s own hand, in which he says : — 

Haffield, near Ledbury, 

Herefordshire, 
January 22nd , iSjS. 

My De:ar Sir, 

Your obliging letter proposing to me to under- 
take a Report for the British Association was placed 
in my hands only a few days ago, on the occasion of 
my visiting Manchester, the person who superintends 
my affairs there having unaccountably neglected to 
forward it to me here. I do not feel myself sufficiently 
conversant with the more recent accessions to that 
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branch of science to venture for the present to accept 
the proposal you have done me the honour to make. 
I have also another object in view to which I am 
desirous of devoting myself uninterruptedly. My 
excellent friend Dr. Dalton, after the severe seizure 
which threatened his life early last year, bequeathed 
his scientific papers and unpublished manuscripts to 
my care, and I should therefore feel it my duty in the 
work which at his advanced age and impaired health 
cannot be very remote to attempt some biographical 
notice of him and some analysis of his scientific dis- 
coveries. When 1 last saw him his physical health 
was materially improved, but his memory and articu- 
lation have been much weakened. 

It is now some months since I ceased to reside in 
Manchester. I find the leisure and retirement of a 
country life infinitely more favourable to intellectual 
pursuits than the excitement and turmoil of a great 
commercial community. 

Believe me, my dear Sir, 

With sincere respects, 

Yours most faithfully, 

Wm. Charles Henry. 
The Revd. James Yates, 6 M.A., etc., 

49, Upper Bedford Place, London. 

One may consider this little incident hardly important. 
But still I thought it worth mentioning, as it gives us an 
idea as to the general trustworthiness of Henry as a 
historian. It will be remembered that the still unsettled 
question regarding the origin of the atomic theory depends, 
to a great extent, on statements made in this biographical 
book, as William Charles Henry was a pupil of Dalton, 
one of those fortunate men whom Dalton, for a fee of 
is. 6d. per hour, introduced into the intricacies of chemistry. 

• James Yates {1789- 1871), Unitarian and antiquary, secretary to council 
of British Association in 1831. 
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Henry mentions further that Dalton’s friend and his 
co-trustee, Peter Clare, was unwilling to part with the 
documents and kept them until his death. Supposing 
Henry is right here, it is certain that we cannot blame the 
faithful Peter Clare, especially as it appears from Dalton’s 
will that Henry had to co-operate with the other trustees, 
insomuch as concerned publication. Henry nevertheless 
insisted on doing the work by himself, and I cannot say 
that he has succeeded admirably, considering the invalu- 
able material he had in Dalton’s notebooks, etc. It is only 
recently that Sir Henry Roscoe and Dr. Harden showed 
what a wealth of historical information was slumbering in 
those large files and used it to a great extent in the book 
already mentioned. 

Dalton never recovered from the illness referred to in 
the previous letter, and eventually passed away on the 
27th July, 1844. A public funeral was decided upon, 
and the then Mayor of Manchester, Mr. Alexander Kay, 
took the matter especially in hand. The Mayor of Man- 
chester had issued a note which intimated to the citizens 
“that by closing their warehouses and shops from eleven 
until one o’clock .... they will best show their respect for 
the late Dr. Dalton.” The report in the “ Manchester 
Guardian ” states that “the recommendation of the Mayor 
was very generally complied with,” and that ladies and 
gentlemen in mourning filled every window where the 
procession passed. 

I reproduce the official invitation (See PL II. A) as 
well as the arrangement of the pallbearers, (See PI. II. B). 
You will notice that the Mayor of Manchester was one of 
them ; others were relations of Dalton, members of this 
society, members of the medical society, and of many 
other societies, as will be seen on the illustration facing 
this page. 
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The lying-in-state took place in the Town Hall A 
contemporary newspaper gave a rough woodcut of this 
memorable event, and this cut is repioduced below 

The room was artificially darkened, the whole matter 
being done with great pomp, and it is recorded that more 
than 40,000 people visited the 100m 



Text fiy 1 


I have not been able to find the name of the paper in 
which this and the following cut appeared, the two pictures 
being only preserved in a scrap book 

The funeral itself took place on Monday, the 12th of 
August The second of these woodcuts gives an illus- 
tration of the funeral passing through the streets of 
Manchester 

The following account of this funeral appeared in 
The friend, a Quaker paper It is most remarkable — 
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firstly, because it gives a good description ; secondly, 
because of the spirit in which it was written : — 

Extracted from The Friend \ published in London, 

9th month, 1844. 

“The circumstances attending the funeral appear 
to us of so painful and objectionable a character, that 



T(\f fig. 2. 


we can scarcely foibear offeiing a few remaiks upon 
them John Dalton had appointed three executors 
two of whom, at the time of their appointment, were 
members of the Society of Fiiends, and one remains 
so still. We piemise this much, to show that the 
circumstances we aie about to allude to could not 
have arisen from the ignorance of the parties concerned 
of the principles and practices of our religious body, 
or of the deceased as a member of it We learn fiom 
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the public papers that so far from the last solemn 
rites to the departed being conducted in that quiet 
and unostentatious manner which our Society has 
ever held to be in accordance with the simplicity of 
the Gospel, and which we believe would have suited 
best with the feelings of the deceased philosopher, 
pomp and pageantry, and the outward semblances of 
sorrow, were made to follow the remains of the highly- 
gifted, yet simple-minded man. ‘ The body,’ says one 
of the papers, * lay in state in the Town Hall, which 
was hung with black cloth, and numbers of persons 
came to view the coffin/ Then follows a detailed 
account of the long train of carriages, mourning 
coaches and mutes, and the array of plumed horses 
and craped mourners and supporters of the pall that 
attended an unassuming Quaker to his last resting 
place. Would the proofs of grief have been less sincere, 
the respect intended to be shown less real, had those 
who took upon them the conduct of this funeral 
arranged it in some degree in accordance with the 
views of the deceased ? It is to us a serious thing, 
and an instance of which we do not recollect a pre- 
cedent, that the ashes of a man, who, through a long 
life, supported certain important principles, should be 
made to participate in their violation. We hear that 
the nearest relatives of the deceased, who were mem- 
bers of our Society, objected strongly against the 
pompous ceremonial ; and we are glad to find that 
some of the Friends of Manchester Meeting signed 
and forwarded a strong protest to the executors on 
the subject, and that they have likewise made a public 
avowal of their objections in one of the Manchester 
papers. We understand that the so-called Church of 
England burial service was read over the remains, and 
whilst we are very far from desiring in any way to 
judge our brethren, and can readily sympathise with 
their desire to show respect to one so honoured and 
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esteemed, we were a little surprised to find that so 

many of our members stood by whilst the ceremony 

was performed.” 

I think this article expresses nothing better than the 
unfriendly spirit of its author, and one might be easily 
induced to believe that the Quakers, as a body, were 
opposed to the public honours which were given to Dalton. 
It must be remembered that Peter Clare, who was himself 
a member of the Society of Friends, not only identified 
himself with the funeral, but took part in all the meetings 
and thus sanctioned the proceedings. As a matter of 
fact, it is most likely that only a very small proportion of 
the Quakers took offence at the public honours paid to 
Manchester’s great citizen. 

A remarkable contrast to the pomp which charac- 
terised Dalton’s exit out of the world is shown in the 
accompanying illustration of his humble birthplace, 
Eaglesfield. (See Pl. III. A). 

Dalton was all his life a schoolmaster. The story is 
well known that once a great French chemist called on 
Dalton, who was at the time giving a lesson to a boy. 
Dalton was not in the least disturbed, but said quietly, 
“ Please take a seat until 1 have put this lad right about 
his arithmetic.” But even this episode shows Dalton 
already well advanced in his career as a teacher. Along 
with his brother he started a school in a barn (See PI. II LB) 
on the 28th of March, 1785, at Kendal. He was a 
teacher up to the last, teaching not only little boys, 
but the chemists of all countries the foundations of 
their science. 

Later on, in about 1853, a still more substantial 
tribute was paid to the memory of John Dalton. A 
public fund, amounting to no less than ^5,312, was raised 
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by a committee under the chairmanship of William Neild. 
Underneath is a reproduction of the invitation for the 
subscription. 


SUBSCRIPTION 

IN AU) OP TBS FUND TO bEFRAY TUB CXFENIEI Of 

THE FUNERAL 

or* 

THE LATE DR. DALTON; 

TO ERECT A 

SUITABLE MONUMENT 

OVER THE MORTAL REMAINS OP THIS ILLUSTRIOUS 
PHILOSOPHER AND EXEMPLARY CHRISTIAN, 

IN THE CEMETERY AT ARDWICK; 

AND ALSO TO FOUND A 

PROFESSORSHIP OF CHEMISTRY, 

IN SOME PUBLIC INSTITUTION IN MANCHESTER. TO DE 
NAMED THE “DALTONIAN PROFESSORSHIP," 

On* «tyecl of which ihaJl be to Uluitrole (he Atomic Tteoet , end the 
DIiCotuIm of Luton In connection with other broncho* 
of Pbjileet Science. 


8UD8CBIPTI0N8. 


Alderman Nclltl X52 10 0 

AJdctmm Kershaw 53 10 0 

Alfred Blnyon 52 10 0* 

Dr. BorAdcy 2 ] 0 0 

John Mooro 21 0 0 

Dr. Fleming 21 0 I) 

Peter Clue 20 ft 0 

June* Ilcyuood, r.H.S. 52 10 0 

The Mayor 21 0 0 

Wm. R. Callender 21 0 0 

Laurence Buchan tl 0 0 

Joseph Compton 62 10 0 

Richard Lano 10 10 0 

Benjamin Jaulu 21 0 0 

Edmund Pool Thomson 52 10 0 

June* Thomson, F.R.S 52 10 0 

Alexander Banncrman 21 0 0 

John Baunerman 21 0 0 

Heury Bannertoan 21 0 0 

George Murray 52 10 0 

Alderman Murray 21 0 0 

Alderman Burd 2] 0 0 

Alderman Drooke 52 10 0 


Dalton and Charles Henry carried on simultaneously 
with Davy and others experiments on ammonia. At that 
time this compound excited the greatest interest It had 
been discovered in 1774 by Priestley and was as far back 
as 1785 correctly analysed by Claude Louis Berthollet, but 
nevertheless many chemists, including Davy and Henry, 
were of opinion that ammonia contained oxygen. About 
1808 Davy was very busy in applying the newly discovered 
Voltaic Pile to all sorts of compounds, with a view to 
ascertaining their composition. Ammonia had proved 
especially difficult to decompose. At this time the 
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discovery of ammonium amalgam threw new light on the 
matter. The experiments concerning it are described in 
the following letter by Charles Blagden 7 to Thomas 
Thomson. 8 

. . . The chemists here have not succeeded in the French 
experiment of obtaining the basis of potash pure in the 
dry way ; they get only an alloy of iron and the basis. 
But two Swedish chemists, Berzelius 0 and Pontin, 10 
have applied the affinity of the bases for mercury very 
advantageously, and by means of it decomposed 
ammonia calx, barytes, etc. The substances to be 
decomposed must be put into contact with the mercury 
and the galvanic current forced through. Carbonate 
of ammonia being laid upon the quicksilver, the latter 
is soon made by the galvanism to swell up to several 
times its original bulk, and to assume the appearance 
of an amalgam, which being thrown into water gradu- 
ally shrinks back to its original size, and becomes 
running quicksilver as before; it is a beautiful 
experiment. 

The Swedes suppose that the hydrogene and 
azote of the ammonia combine to form a metal, which 
thus unites to the mercury. Mr. Davy thinks rather 
that hydrogene and azote are both metals in a state of 
vapour, which both unite to the mercury and form a 
triple compound with it. Mr. Davy has successfully 
repeated all the experiments, and has decomposed in 
that manner 6 earth-baryte, lime, magnesia, silex, 
and alumine 

London, 7/7/1808. CHARLES BLAGDEN. 

r Sir Charles Blagden (1748^820), physician, Secretary of the Royal 
Society. 

• Thomas Thomson (1773-1852), chemist. Supporter of Dalton’s theory 
and author of a ‘ History of Chemistry.* 

• Jons Jacob Berzelius. The great chemist. (1779-1848.) 

10 Magnus Pontin of Pontin (1781-1858). Swedish physician and author. 
Collaborated occasionally with his friend Berzelius, whose biography he wrote. 
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Davy’s bold idea to group hydrogen among the 
metals appears here for the first time. I believe I am 
right in describing this theory as now generally accepted. 
The above letter shows that these documents are to be 
handled with a certain caution. It would be erroneous to 
say that Berzelius and Pontin were the first discoverers of 
the amalgam of ammonia. It was discovered in the first 
instance by Johann Thomas Seebeck. The small letter 
reproduced in PL IV. is by Davy, and is addressed to 
Coleridge, who, like Southey, was an intimate friend of the 
great philosopher, and held the opinion that “ if Davy had 
not been the first chemist he would have been the first 
poet of his age.” 

A rather unfriendly criticism of Davy is contained in 
the following letter by Berzelius. 11 

Stockholm, le 3 Sept, 1847. 
Mon tres cher Ami ! 

J’ai k vous presenter des remercimens de i’Acade- 
mie des Sciences d’abord pour votre brochure : Cause 
du deraillement des Waggons, etc., et ensuite pour 
Touvrage intitule : Application de la geom^trie de- 
scriptive aux ombres a la perspective, etc. Si je n’ai 
pas plutot repondu ci votre aimable lettre du 21 Fev- 
rier, c’est que je voulais vous annoncer Tarriv^ de ce 
dernier, qui n’arriva a Stockholm, que pendant mon 
absence por assisted a la reunion des Naturalistes 
Scandinaves pendant pass6. 

Ce que vous me dites dans votre lettre pour 
rapport k Mr. Dumas, 12 tout le monde qui vient de 

11 About the relations between Berzelius and Davy, vide u Jacob 
Berzelius, Selbstbiographishe Aufzeichnungen.” Edited by H. G. Soder- 
baum, Leipzig, 1903, page 54 and passim. 

12 Jean Baptiste Dumas (1800-1884), eminent French chemist. 
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Paris me le repete. J’ai fait Tobservation que les 
chimistes qui n’ont pas eu l’occasion de faire leurs 
etudes dans des ecoles savantes, et qui par des circon- 
stances, dont ils n’ont pue etre les maitres, ont fait 
leurs etudes dans des pharmacies, ou ils ont ^te in- 
stalls dans leur premiere jeunesse, ne peuvent cnsuite 
jamais atteindre a cette culture scientifique gen^rale, 
qui est le resultat des etudes dans une ecole savante. 
Ce nest qu’a un age plus avance, qu'ils sappercoivent 
de ce qui leur manque, mais alors ils sont tellement 
accoutum^ a ne s’occuper que de ce dont Implication 
et Tutulite saute aux yeux, il leur est rebutant de com- 
mencer par le commencement, ils se procurent dans 
d’autres sciences quelques notions superficielles, dont 
ils ignorent les bases, et s’ils viennent a jouer un role 
dans la chimie, ils se servent a tort et a travers de ces 
notions superficielles, pour faire croire au monde qu’ils 
ont etudi£ au fond. Je puis vous citer, outre Dumas, 
encore Liebig et une capacite chimique encore plus 
respectable, l’illustre Humphry Davy, qui dans nos 
jours ont £t£ des preuves de la verite de cette obser- 
vation. Comme ils n’ont aucune peur por sen servir 
dans leurs travaux, ils brillent par la aupres des gens 
du monde, sans s’inquieter de ce que le petit nombre 
de vrais erudits y recommit de Tignorance et de la 
charlatanerie. — Cest de cette maniere, que se pro- 
duisent des reputation populaires brillantes, mais que 
la personne elle meme, survit, si toutefois Timpitoyable 
Atropos n’employe pas trop tot les ciseaux. 

Notre ami Palmstedt 13 a ete oblige de passer tout 
l’et 6 a Stockholm, ayant 6 t 6 nomm^ par le Roi a 
diriger Texposition industrielle, qui eut lieu au mois 
de Juillet k la Capitale. D’apres le jugement de tous 
ceux qui ont eu occasion de voir tout cette exposi- 

16 Carl Palmstedt (1785-1870). Swedish chemist. Headmaster of 
School of Technology at Gothenburg. Helped Berzelius in research work in 
1816 and travelled later on with him. 
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tion, en elle meme fort pauvre, que les precedens plus 
riches, rendcnt justices aux efforts de notre ami. II 
est encore ici, attendant le retour prochain du Roi, 
pour rendre coinpte de sa commission. II me prie de 
le rappeler a votre souvenir et ajoute que probable- 
ment il visitera Paris de nouveau Pete prochain, ou il 
aura le plaisir de vous trouver ches vous. 

Je vous prie cle presenter mes respects a Madame 
Olivier. 

Votre ami devout 

Jac. Berzelius. 

Monsieur le Professeur Th. Olivier, 14 
h. Paris. 

Reference is also made to Davy in the following 
letter by Christian Friedrich Schonbein. The famous 
discoverer of ozone was born in 1799, and thus the letter, 
which is dated 1826, was written when he, as a young 
man, spent a short time in England. The remarks on 
scientific and other institutions in England and abroad 
are, though perhaps not quite just, certainly interesting : — 

Epsom bei London, 

d. 20 Juny, 1826. 

Verehrtester Herr Hofrath ! 

Ich nehme mir die Freiheit Herrn Berdonnet aus 
Paris hiermit bei Ihnen einzufiihren u. denselben zu 
geneigter Aufnahme zu empfehlen. Er studierte in 
Paris u. hat sich namentlich als Physiker Chemiker 
u. Mineralog ausgezeichnet ; und jetzt ist er auf einer 
Reise begrififen, deren Zweck dahin geht, Deutschland 
und einige andere Lander des Kontinents in minera- 
logischer u. bergmannischer Hinsicht kennen zu lernen. 
Ich kenne Herrn Berdonnet nicht personlich, nur 
mittelbar durch einen seiner Freunde, der zugleich 

14 Theodore Olivier. French Mathematician ; died 1853. Profewor at 
Ecole Polytechnique. 
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auch mein Freund, u. vvelcher mich um Empfehlungen 
fur ihn nach Deutschland bat. 

Sie wissen ohne Zweifel dass ich seit einig. 
Zeit Keilhau verlassen habe u. in England bin. Ich 
lebe seit meiner Ankunft in Epsom einem kleinen 
Landstadtchen 15 engl. Meilen von London, auf dem 
Kontinent glaube ich nur den Apothekern dem Namen 
nach bekannt. Im nachsten halben Jahre werde ich 
in London meinen Aufenthalt nehmen, um daselbstdie 
naturwissenschaftl. Anstalten zu beniizen, woran 
tibrigens nicht viel ist, namentlich wenn mit den 
Parisern verglichen. Alles hangt in England in dieser 
Beziehung von Privaten ab, u. ausser dem brittischen 
Museum, was sich im Gebiet der Naturwissenschaften 
nur auf Naturgeschichte beschrankt ist keine vom 
Staat unterstiitzte naturwissenschaftliche Anstalt in 
London. Die royal and mechanical Institution z. B. 
in denen Vorlesungen liber verschiedene Zweige der 
Naturwissenschaften gehalten werden, sind privat u. 
die meisten Naturforscher Privatleute, die von ihren 
Renten leben, u. gewohnlich sehr reiche Gentlemen 
sind ; wie Davy, Wollaston, etc. 

Auf dem Kontinente ist England hinsichtlich 
seines wissenschaftlichen Standpunktes weit iiber- 
schatzt, u. so weit ich es kenne kan es in dieser 
Beziehung in keine Parallele mit Frankreich oder 
Deutschland gestellt werden. N ichtsdestoweniger aber 
ist England ein hochst interessantes und originelles 
Land, reich an den grossartigsten Erscheinungen, so 
dass kaum ein Land auf dem Kontinent damit glichen 
werden konnte. Wenn man zu ersten male den 
englischen Boden betritt, man glaubt sich in eine 
andere Welt versetzt ; in nicht wenigen Fallen stosst 
man auf die angenehmsten Kontraste (vorzuglich mit 
Deutschland) u. namentlich vermisst man gleich beim 
Eintritt mit grostcm Vergniigen das noble Institut, 
auf dem Kontinent Polizei genannt, u. von der 
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Weisheit oder vielmehr Klugheit der dasigen Staats- 
manner als eine Anstalt betrachtet, ohne welche die 
Europaische Welt nicht existieren konnte. Sie mogen 
Eecht haben. 

Im nachsten halben Jahre wird einer meiner 
Freunde in England lebend u. ich uns die Freiheit 
Abhandlungen an die Facultat in Jena einzusenden, 
um uns zu Doctoren creieren zu lassen, wenn wir 
anders nicht auf der philosophischen Wage zu leicht 
befunden werden, Da nichts in der Welt umsonst 
geschieht, nicht einmal das Doctormachen, was doch 
ein so rein geistiger Aktus ist, so wiirden Sie mich 
sehr verbinden wenn Sie die Gtite hatten mir zu 
schreiben oder auf irgend eine andere Weise mich 
wissen zu lassen, wie viele Pfund Sterlinge wir unseren 
Geisteskindern mitzugeben haben, um im Falle sie als 
philosophische Kinder erkannt und aufgenommen 
werden, sie zu befahigen, das Zeugniss fur unsere 
Vaterschaft zu erhalten, was doch wohl allein bei der 
ganzen Sache als zahlungsfahig betrachtet werden 
kann. 

Hochachtungsvoll empfiehlt sich Ihnen, 

Ihr ergebenster, 

C. F. SCHONBEIN, 

at Dr. Mayo’s, Epsom, Surrey, England. 
Herrn Hofrath Doebereiner , 16 

Wohlgebohren, in Jena, 

Sachsenweimar. 

Sir Humphry Davy appeared, then, a leisurely 
wealthy gentleman to this little pharmacist, who ulti- 
mately became himself one of the most original thinkers 
in chemistry. Schonbein probably did not know the 

15 Johann Wolfgang Doebereiner (1780-1849), German chemist. Dis- 
covered the property of spongiform platinum to inflame hydrogen. 
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early history of Sir Humphry, who worked his way from 
a surgeon’s assistant to the foremost place in English 
science — the presidency of the Royal Society. 

An interesting drawing, which represents Davy’s most 
important technical discovery, namely, his safety-lamp, is 
reproduced here. {Text-fig. 3.) 



The drawing is taken from a contemporary letter of 
Andrew Ure, 10 in which he sent a description of the lamp 
to France. All the documents belonging to the history 
of this invention are noteworthy on account of the keen 
struggle which once existed between the followers of Davy 
and those of George Stephenson, who maintained that a 

ie Andrew Ure (1778-1857), chemist. Author of the well-known 
“Dictionary of Arts, Manufactures and Mines.” 
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similar invention on the same principles had been made 
by the great railwayman This illustration ( Text-fig . 4) 

THE COVER. THE LAMP. 




Text-fig. 4. 

shows Stephenson’s lamp which, though certainly giving 
evidence of the same principles and invented before Davy’s 
lamp, is also certainly much less useful from a technical 
point of view. 

The great work of Davy in introducing the use of the 
electric current into chemistry has already been mentioned. 
Considering the enormous influence which the discovery 
of the galvanic current had on that period of chemistry to 
which I have confined myself thus far, namely, the first 
decades of the nineteenth century, a few documents 
relating to this discovery will be worthy of attention* 
Galvani himself was utterly mistaken in the ex- 
planation he tried to give He sought for the source of 
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J5. Galvani in laboratory 
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electricity in the muscles, and in the document reproduced, 
PI. V.A,y ou see some lines written in Galvani’s hand- 
writing in which he says that the nerve-power is smaller 
in old animals than in young animals. 

It was reserved for the great Alessandro Volta to find 
the right theory of electricity. 

The discovery of galvanic electricity was made accord- 
ing to tradition as follows : Galvani’s wife, an invalid, 
was advised to eat frogs’ legs. These legs her husband 
prepared. He left the room after having skinned some. 
The legs on the table were touched by somebody with a 
knife at the same time as by chance Galvani’s assistant 
turned the handle of an electrical machine. Thus a shock 
was communicated to the legs, the twitching of which was 
noted by Galvani’s wife, who informed her husband. The 
scene of discovery is represented in an old engraving 
reproduced, PL V.B. 

On Plate VI. there is a page from Volta’s note- 
book, in which various bodies are arranged as to their 
electric qualities. This is one of the early drafts belonging 
to Volta’s inquiries into the electric nature of various 
bodies which were crowned by the invention of the 
famous pile. 

But how little Volta was recognised, at least in his 
own Fatherland, becomes evident in the following letter. 
This letter alters all the dates in biographies of Volta, 
which say that he retired in 1 804, whereas this letter, 
wherein he clearly states that he had already retired, was 
written in 1803. He was, as a matter of fact, again given 
a professorship in Padua, in 1815, by the Emperor 
Franciscus of Austria. But how could a man be sufficiently 
honoured who could rightly say about himself * Galvanism, 
the new branch of science, which I have almost created.* 
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The letter runs as follows : — 

a C6me ce 25 Mars 1803. 

Monsieur, 

Je vous ai ecrit il y a quelque mois une longue 
lettre, dans laquelle je vous communiquois quelques 
resultats de mes dernieres experiences electrom^triques 
et concernant les charges portdes aux batteries (com- 
posces de bouteilles de Oxyde) par mes appareils 
electromoteurs. Je me plaignois dans cette meme 
lettre de Interruption de la correspondance avec 
Mr. le Prof. Pfaff, 17 que je ne savois a quoi attribuer, lui 
ayant ecrit plus d’une fois depuis que j’avois re^u 
ses dernieres lettres il y a plus d’un an, et n’ayant pas 
eu de reponse : je vous priois de vouloir vous informer 
d'ou vient ce silence de sa part, ou si les lettres ne 
sont perdues : enfin de retablir par votre courtoisie 
cette correspondance prtkieuse. Je vous faisois des 
instances encor plus pressees pour une correspondance 
avec vous, sur-tout pour ce qui concerne le Galvanismt 18 
ainsi dit (qui n’est qu’un nouveau moyen d’electrisation 
comme j’ai toujours soutenu, et tous les Physiciens 
ont dO enfin reconnoitre), et Implication de cette 
clectricite a la medicine : attendu que vous recueillez 
tout le meilleur avec tant de diligence et de choix, et 
en faites part promptement aux lecteurs de vos excel- 
lent Annales de Physique. Pour cette correspon- 
dance, que je vous demande, il me suffiroit de recevoir 
sans retard les numeros de ce Journal, et non pas de 
six en six mois, et m£me plus tard, comme il est 
arrive jusqu’ici par les expeditions que m’en fait le 
libraire Barth de Leipzic, de sorte que je suis encore k 

17 Christoph Heinrich Pfaff (1772-1852). German physician and author 
of important hooks on electrical and chemical research. 

18 It is noteworthy that Volta himself coined the word “ Galvanisme.’* 
At least, it appears in literature for the first time in one of Volta’s papers. 
Vide Grett. Neues Journal. III., 1796. 
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attendre tous les numcros depuis septembre. Je vous 
proposals done dans la lettre susindiquee que je con- 
signai k la poste (et que je crains que vous n’ayez pas 
re$ue de m^me que le Prof. Pfaff n’a peut- 6 tre 
pas regu celles que je lui adressai par la meme voye) 
d'envoyer par le moyen des diligences, 011 autre 
prompte occasion, les numeros a mesure qu’ils parois- 
sent chaque mois, aux heritiers de Mr. Andr<£ Cramer 
k Lindau qui se chargoient de me les faire passer a 
Come par le Courier de Lindau qui passe chaque 
semaine a Milan. J’ecrivis en consequence a ces 
memes Cramer par la voye de la poste, et je renfer- 
mais dans la lettre celle a vous, que je leur recom- 
mendai beaucoup : mais jusqu’a present je n’ai eu de 
reponse ni d’eux, ni ni de vous, ni moins aucun cahier 
des Annalen, et pour dire tout je ne recois absolument 
rien de ce qu’on a fait et dcrit en Allemagne sur la 
Physique, la Chymie etc., depuis plus de six mois. 
Je vous prie done, Monsieur, de redresser cet incon- 
venience d’un maniere ou de l’autre : je desire trop de 
revoir les recherches et les progres qu’on fait ches 
vouz dans ces sciences et particulierement dans les 
parties, que j’ai cultivees davantage. Ainsi done son- 
gez, mon cher ami, a me dedommager des pertes et 
des chagrins que j’ai souffert jusqu’ici, et a pourvoir 
pour 1 ’avenir : a ce que je recoive vos annales regulie- 
rement et promptement chaque mois, ou a me com- 
muniquer faute de cela par des lettres les nouvelles 
litteraires que vous croyez devoir m’interesser. Voila 
la t&che que j’ose vous imposer en m’obligeant k en 
remplir une £gale. Je vous dcrirai done, si vous 
m’<krivez, et vous communiquerai le peu qui viendra 
k ma notice des travaux de nos Physiciens et Chimistes 
Italiens, et mes propres recherches, que je continue 
avec peu d*ardeur, k la verity, ne me voyant pas beau- 
coup encourage par le Gouvernement, qui ne me four- 
nit pas mfime les moyens. Ma sant£ et des affaires 
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de famille m’avant oblige de demander mon cong£ de 
la chaire de Pavie (ce que j’ai fait a regret) il ne m’a 
pas accorde les appointements entiers, que j’aurais pu 
pretendre d’ici a deux ans en vertu de la loi, qui 
accorde ces appointements entiers aux Professeur des 
University apres 30 ans de service. Les 28 done que 
j’ai employe a celles de Pavie avec tout ce que j’ai 
fait au dela du devoir precis les travaux extraordi- 
naires, les decouvertes etc. ne m’ont valu ni gratifica- 
tion, ni rien soit a title des experiences longues et 
faites, ou de celles d faire pour perfectionner mes 
recherches etc. On m’a accorde k paine les deux 
tiers du Salaire que j’avois, suivant que la loi l’accorde 
apr£s 25 ans de service, et pour la reste on m’a regain 
de belles phrases, qui ne sont pas meme des promesses. 
J’ai recu une gratification de six mille francs du 
Gouvernement Francois lorsque je fus a Paris 19 il y a 
plus dun an et une medaille de l’lnstitut, en temoig- 
nage du cas qu’on faisait de mes decouvertes ; toutes 
les Academies et les Savants etrangers y ont de meme 
attache' beaucoup d’importance, et se sont empresses 
de la montrer ; on a fondd des prix, formd des Society 
pour avancer les recherches sur le Galvanisme, c.k.d. 
sur cette nouvelle branche de Science, que j’ai presque 
crede. Par tout on s’occupe et on fait des progr£s, et 
mon Gouvernement ne se soucie pas de les encourager 
ici, ou Ton a fond£ cette doctrine, d’encourager et 
d’aider par des moyens celui, qui de lui seul l’a portae 
si loin. Je suis, avec toute l’estime et l’amitie parfaite 
votre trbs humble serviteur, 

Volta. 

A Monsieur Gilbert,* 0 
Professor k Halle. 


10 All this was done at the instigation of Napoleon, who had invited 
Volta to Paris in 1801. Arago says in his “ Eloge de Alexandre Volta 99 
{ CEuvres de Franqois Arago , vol. I., p. 223) : “The professor from Pavie 
had become for Napoleon the embodiment of genius.” 

ao Ludwig Wilhelm Gilbert (1769-1824), German physician and editor 
of the famous Annaltn der Physik uttd Chymie . 
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II. Priestley and Lavoisier. 

The documents so far discussed have either been 
directly connected with John Dalton, or have related to 
the period of chemistry influenced by his theories. The 
Daltonian era follows the memorable epoch in which the 
Phlogiston theory was overthrown by Lavoisier. This 
theory itself had a long reign, lasting for more than a 
century after it had been expounded by Becher in 1670, 
and later amplified by Stahl. The theory is nowadays 
often ridiculed, but it has nevertheless had a great, and, on 
the whole, wholesome influence on chemistry. Chemistry 
was, towards the end of the seventeenth century, only 
slowly emerging from the alchemistic labyrinth, which 
was succeeded by the iatrochemistic stage. Originally 
the companion of philosophers, later the handmaid of 
physicians, it finally entered upon an independent life. 
At this period the introduction into chemistry of great, 
far-reaching ideas was of the utmost importance. To 
find the laws underlying the processes, as we say nowa- 
days, of oxidation and reduction, must be reckoned no 
small advance. 21 This step was made under the auspices 
of the Phlogiston theory, and the man who did the most 
important work in the field of pneumatic chemistry was 
himself to the end a staunch supporter of this theory. To 
this man, Joseph Priestley, and his great adversary in 
theory, Lavoisier, the documents hereinafter communi- 
cated relate. 

81 The best contribution to the history of this period, which has often 
been misrepresented strangely by national bias (especially by Wurtz from the 
French and Volhard from the German point of view) is undoubtedly : 1 Die 
Einfiihrung der Lavoisierschen Theoric im besonderen in Deutschland,’ by 
G. W. A, Kahlbaum und A. Hoffmann. Leipzig, 1897. 
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Priestley is one of the most interesting figures in the 
history of science. To many features of his life's story 22 
parallels can be found in Dalton’s life, but in character 
these two great men were as different as possible. Joseph 
Priestley was born on the 13th March (old style), 1733, at 
Fieldhead, near Leeds. His father was a maker and 
dresser of woollen cloth, living in very straitened circum- 
stances. Dalton’s father was also a handloom weaver. 

In 1742 Priestley was adopted by his father’s sister. 
He entered the ministry in 1755, obtaining a post at 
Needham Market, in Suffolk, which carried with it the 
munificent remuneration of £30 per annum. In 1758 he 
accepted a post as minister at Nantwich. He tried with 
little success to increase his means by lectures on the use 
of globes. We see him here, like Dalton, as a lecturer on 
science at a village school. He remained three years in 
Nantwich. Also, like Dalton, he wrote an English 
Grammar. 23 In 1761 he was appointed a tutor at War- 

22 Vide : 1 Memoirs of Dr. Joseph Priestley, written by himself/ etc. 
Two volumes. London, 1806-7. A ‘Centenary Edition’ was published in 
1904. (II. R. Allenson, London.) Further, ‘Joseph Priestley,’ by T. E. 
Thorpe. London, 1906. Rutt’s ‘ Life and Letters of Joseph Priestley.* 
Two volumes. London, 1832, and ‘Scientific Correspondence of Joseph 
Priestley,’ by II. C. Bolton. Privately printed. New York, 1892. 
Finally, the excellent article on Priestley in ‘ The National Dictionary of 
Biography.’ Volume 46. 

25 Dalton’s ‘Elements of English Grammar, or a New System of 
Grammatical Instruction’ (London and Manchester), 1801, foreshadows not 
only by the wording of its title ‘ The New System of Chemical Philosophy,* 
it shows a clear line of thought and a truly scientific inclination for uniting 
otherwise divergent subjects. Though dedicated to the revolutionary Horne 
Tooke, it is as dry as possible. Not many samples from authors are given, 
but the book is certainly a witness that more reading was done by Dalton 
than is usually supposed. Sir Henry Roscoe mentions (‘John Dalton,* 
London, 1901, p. 188) the great chemist’s statement, ‘I could carry all 
the books I ever had on my head.* This has certainly to be understood 
cum grano satis, as is shown by the catalogue of the sale of Dalton’s pro* 
perty, after his death, by auction, which includes a respectable library. 
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rington Academy, a situation which he occupied for six 
years. In this period he got married. On PI. VII. is 
reproduced a portrait which was taken at this time, and is 
the oldest likeness extant. 24 

Lrving in London, he became acquainted with Benjamin 
Franklin and Canton, and was led to the subject of 
experimental philosophy more than before. Franklin 
induced him to write his “ History of Electricity,” which 
is a very interesting, though somewhat one-sided book. 

Dr. Percival, of Manchester, procured Priestley the 
title of “ Doctor of Law ” from Edinburgh. Dalton also, 
by the way, was a Doctor of Law, though of Oxford. 

In September, 1767, Priestley removed to Leeds, to 
become minister of Mill Hill Chapel. Although at Leeds 
he was occupied chiefly with speculative theology, an 
interest in chemistry had been incited in him through a 
course of lectures by Dr. Turner, at Warrington. In the 
main he was self-taught, and, like Dalton, preferred to 
carry on experiments with a self-manufactured apparatus. 

In 1774 Priestley obtained the position of literary 
companion to Lord Shelbourne. The oldest letter I have 
bears this year’s date. Its contents are : — 

Dear Sir, 

I wonder that I do not hear from you, and I find 
that you have received the remainder of the volume 

Priestley’s ‘Rudiments of English Grammar,’ 3rd edition, London, 1772, is 
also very characteristic. A chatty preface, w ith some interesting remarks 
on the usefulness of ‘Academies,’ 53 somewhat superficial pages, being the 
grammar proper, and more than three times this space in very motley notes, 
with examples drawn from Johnson, Hume, Smollett, Swift, Blackstone, 
etc., form a really interesting volume. Both books must strike the reader 
by the great self-assertion of the authors in fields which were outside their 
ordinary domains. 

24 A list of portraits of Priestley is given by Bolton, l.c., page 
173 — 194, and by J. Yates, ‘ Memorials of Dr. Priestley’ ; ‘The Christian 
Recorder,’ 1863. The latter publication is ornamented with a book-plate of 
Priestley, differing somewhat from the plate in my collection, reproduced on 
PI. XV.B. 
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of Institutes. There will be much .more room for 
censure than in the former part, but I hope soon to 
have your finest sentiments about it 

Dr. Kippis 26 has undertaken to review the Reposi- 
tory , 26 and thinks it will gratify the public and facilitate 
the revival of the work if the principal writers will 
allow him to give their names. I hope that you, who 
are the principal writer, will not refuse yours. Your 
pieces are unquestionably the most valuable in the 
whole work, and cannot but do you great credit. 

My discourse on giving the Lord’s Supper to 
children 27 is now published. I will send you a copy by 
my wife, who will be with me on Monday next, and 
after staying about a week, will go to Leeds, whither 
I should be very happy indeed to accompany her, but 

1 am afraid it will not be possible. Nothing would 
give me more pleasure than to see you once more 
just as I used to do. 

I have been of late more fortunate than ever in 
my philosophical pursuits, and now intend to publish 
an account of all I have done about air, in a separate 
volume, immediately . 28 

The Dissenting Committee waver much about 
their application to Parliament. Some of them have 
been influenced by courtiers. ^Vhat they will do I 
cannot tell, nor do any of them know. This delay is 
very painful . 29 j 

25 Andrew Kippis (1725 — 1795), Nonconformist, divine, and bio- 
grapher. Prepared part of ‘ Biographia Britannicia.’ 

2e ‘The Theological Repository,’ consisting of original essays, hints, 
queries, etc., calculated to promote religious knowledge. Three volumes. 

27 Address to Protestant Dissenters on the subject of * Giving the Lord’s 
Supper to Children.’ (1773,) 

2 8 ‘ Experiments and Observations on Different Kinds of Air. ’ London, 
1774. It is often erroneously stated (by Thorpe, Kahlbaum, etc.) that the 
volume was only published in 1775. It was reprinted in the latter year. 

28 Not before 1779 an Act was passed permitting the dissenting 
ministers to preach, provided they made a declaration of belief in the 
Scriptures as containing the revealed w ill of God. 
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Mr. Lindsey 80 I see almost every day. He and 
Mrs. Lindsey are both in good health and spirits. 
His liturgy is almost ready for the press, but we have 
not yet got him a place of worship. I am afraid we 
shall find great difficulty in it Sir John Pringle 31 and 
many of his acquaintances are very cool now that the 
thing is going to be put into execution, being ashamed 
to appear in it. They take great pains to dissuade 
him from it, but he is really inflexible. I have seen 
the York paper, and we ascribe the excellent answer 
to Erasmus 82 to you. 

With my most respectful compliments to Mrs. 
Turner, and love to your boys, I am, 

Dear Sir, 

Yours most sincerely, 

J. Priestley. 

London, 19th February, 1774. 

My respects to Mr. James Milner. I am pro- 
moting a subscription among my friends to defray 
Mr. Lindsey’s necessary expenses in hiring a place of 
worship and the things requisite to his entering upon 
his scheme. Probably Mr. Milner will be pleased to 
be told of it and choose to contribute to it. 

[This letter bears no address, but is, as its contents 
show, addressed to William Turner.] 

30 Theophilus Lindsey (1723 — 1808) resigned the vicarage of Catlerick 
(Yorkshire) in November, 1773, came^to London and opened a place of 
worship on April 17th, 1774, in Essex Street, devoted entirely to Unitarian 
principles. Later on he became the preacher and owner of the first 
Unitarian Church, opened in Essex Street in 1 778. 

81 Sir John Pringle (1702 — 1782), Physician and President of the Royal 
Society. His religious convictions apparently attracted him towards the 
Unitarian movement. 

88 William Turner (1714*1794), dissenting divine, answered, under the 
ftom de plurnt * Erasmus/ some attacks on Lindsey, by Dr. W. Cooper, a 
dignitary of the Cathedral at York. 
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It might appear perhaps superfluous to give in toto a 
letter dealing chiefly with religious writings. The only 
object is to show that Prjestley was a preacher and theo- 
logian in the first instance, and only in the second instance 
a natural philosopher. 

The year 1774 is the one in which he discovered 
ammonia, and it is probably to this most important 
discovery that he refers in the little sentence about his 
philosophical pursuits sandwiched between all the com- 
munications on religious subjects. 

The second letter which I have is quite similar to the 
one communicated above. It is dated London, 10/1/1775, 
and — in four pages taken up almost entirely with religious 
topics — there is just this one sentence : — 

“ A new edition of my treatise on air is in the press, 
and I have made so many additions to my observations 
that I propose to publish a supplement to that work 
before I leave London. But the more I do, the more I 
see is to be done.” 

The various volumes of his “ Experiments and Obser- 
vations on different kinds of air,” the work referred to 
here and in the previous letter, were published in the years 
i774» 1775, 1777, 1779. 178 o and 1786. This work, of 
which Davy 88 said “ that he knew no book so likely to 
lead a student into the path of discovery as Dr. Priestley's 
six volumes on air,” is now very rare, at least in its 
original edition. It was reprinted in 3 volumes in 1790. 

The departure from London refers to a journey which 
Priestley made with Lord Shelbourne to Flanders, Holland, 
Germany and Paris. 

In the year 1780 Lord Shelbourne intimated to Priestley 
that he had no further need for his services. Priestley con- 
sequently took up his residence in Birmingham, where he 
became a minister of the so-called New Meeting. 

** Davy’s ‘ Collected Works/ vol. vi., p. 117. 
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From a letter written in 1782 to Joseph Banks, the 
famous president of the Royal Society, I give below an 
extract showing how much Priestley still adhered to the 
Phlogiston theory, on which Lavoisier had already made 
vigorous attacks. 34 

Birmingham, 

28th Dec., 1782. 

Dear Sir, 

I think myself much honoured by your sending 
me the Derbyshire mineral, 3 ” and shall endeavour, in 
due time, to give you the best account that I can of it. 
At present I have made only one experiment upon it, 
but this seems to afford sufficient data for explaining 
the phenomenon you mention. 

It yields, I find, a considerable quantity of very 
pure or dephlogisticated air 36 by heat. Supposing, 
therefore, that the air incorporates with it, and thereby 
loses its fluidity, heat will be generated, as when water 
incorporates with lime, and the pure air, which that 
heat expels from it, will contribute to promote the 
escape of its phlogiston, and so produce a proper 
ascension, 37 as is the case with substances that contain 
nitre, or anything else that yields pure air with heat. 
I should think it is very possible to make artificial 

34 The theory was for the first time clearly set out in these two papers : 
* Sur la Combustion des Chandles dans Pair atmospherique, et dans l’air 
■eminement respirable/ and ‘ Sur la Combustion en general/ both read in 
1777 and printed in 1780. 

85 This was undoubtedly pyrolousite. See ‘The Examination of 
Manganese in Experiments/ 2nd ed., vol. iii., p. 154. 

11 6 This is oxygen in the terminology of the phlogiston theory. 

a * Ascension means distillation in the terminology of the time, the 
word still lingering from the alchemistic period. Example : 

* For two of our inferior works are at fixation, 

‘A third is in ascension . . . 

‘ The Alchemist/ by Ben Johnson. It has nothing to do with decrease of 
weight caused by the introduction of phlogiston, as Bolton, l.c., p« 46, 
-suggests. 
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mixtures of this kind, that should have the same 
property in any required degree, and it is very easy to 
conceive that a most' dangerous use might be made of 
them. But whatever is capable of doing mischief is 
likewise of doing good. . . . 

Joseph Priestley. 

It is rather difficult to understand the part of this 
letter, which relates to the theoretical question. It shows 
what difficulties the phlogiston theory had to encounter 
if it tried to explain the presence of oxygen in substances 
“ which for anything that appeared had always been in 
the bowels of the earth ” The last part of the letter is 
interesting, as it shows how soon Priestley thought of 
technical use of oxygen, a point to which he recurs at 
various times in his writings. 

Birmingham and its surroundings was the seat of a 
great number of men of learning and of prominent literary 
merits, among whom may be mentioned Erasmus Darwin 
(the grandfather of Charles Darwin, a peculiar but certainly 
very remarkable man), James Watt, and his partner, 
Matthew Boulton, William Murdock, the inventor of the 
system of lighting by gas, Thomas Day, the eccentric 
author of 4 Sandford and Merton/ Richard Lovell Edge- 
worth (whose daughter, Maria Edgeworth, is well known 
as the author of novels and tales for children, in some 
of which she collaborated with her father), who intro- 
duced into England a system of optic telegraphy. These 
men and several others met at the house of one of 
them for dinner every month, on the Monday nearest 
the full moon, so as to have the benefit of its light 
when returning home. From this they derived their name 
* Lunar Society.’ M 

88 More about the ‘Lunar Society' is to be found in Bolton, l.c.> 
pp. *95' 2I 9* 
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I have mentioned Watt as being one of the members 
of the Lunar Society, and I have therefore given 
the reproduction of Watt’s description of one of his 
patents, written and signed by him. (See PL VIII.) 
Watt’s investigations into the composition of water were 
doubtless prompted by Priestley’s communication of his 
discoveries to him at the Lunar Society meetings. 89 

Priestley played the part of the simple experimental 
philosopher, and left the conclusions to be drawn by 
others. He himself describes the role which fortune had 
allotted to him in the following letter : — 

To Sir Joseph Banks. 

Birmingham, 

23rd June, 1783. 

Dear Sir, 

I certainly meant to submit my paper to the 
Royal Society, as it contains a series of remark- 
ably new facts, completely ascertained ; whatever 
DEDUCTIONS (about which I am not solicitous) be 
drawn from them. 40 As I have opportunity, I shall 

88 The literature on the somewhat difficult question concerning the 
discovery of the composition of water is ample. Amongst the most 
important contributions are : Muirhead’s * Correspondence of the late James 
Watt on his discovery of the composition of water.’ London, 1846. G. 
Wilson’s ‘Life of Cavendish.’ London, 1851. Pp. 265 — 445. Kopp’s 
‘ Beitrage,’ part iii., p. 237. Braunschweig, 1846. M. Berthelot’s 
‘La Revolution Chimique,’ pp. 109 — 133. Paris, 1902. (2nd ed.) Sir 
Edward Thorpe’s ‘Essays in Historical Chemistry.’ (3rd ed.) London, 
1911. Pp. 79—122. 

40 ‘ Dr. Priestley was a discoverer before he was a chemist. In a letter 
which I received from him a few months before his death, he makes this 
statement in his usual unaffected manner. It is easy, therefore, to find 
reason for the occasional uncorrectness of his views. Throughout the whole 
course of his life his attention was never undivided. His mornings were 
devoted to experiment ; his evenings to political, theological, or meta- 
physical inquiries. He is an example of how much can be done by small 
means, when applied with industry and ingenuity . . . .’ Davy in his 
‘Collected Works,* vol. vii., p. 118. 
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prosecute the experiments farther, and if anything 
materially new should occur to me, I shall send you a 
supplemental paper on the subject. 

Mr. Watt wishes to withdraw his paper, but he is 
now engaged in a course of experiments, in which he 
thinks he shall prove the actual conversion of water 
into air, though mine certainly prove no such thing. 

When I see the young man who made the air- 
gun, I shall mention to him your desire of having it. 
It is very generous in you, and worthy of a President 
of the Royal Society, to interest yourself, as you do, 
in all scientific pursuits, however foieign to your own 
It is a wide and noble field that we are employed in, 
and the trul y liberal will rejoice in, and promote, each 
other’s success 

I thank you for your intelligence from Paris. For 
my own part, I wish to see either Crawford’s 41 or 
M. Lavoisier’s PACTS unexceptionally ascertained by 
competent witnesses. 

I have just heard from Mr. Kirwan, 42 and shall 
write to him as soon as I have anything worth com- 
municating In the meantime I wish you would 
inform him that I have in a glazed earthenware retort 
got 787 ounce measures of dephlogisticated air from 
TWO OUNCES of purified nitre 

With the greatest respect, 

I am, dear sir, yours sincerely, 

J Priestley 

Joseph Banks, Bart., Soho Square, London. 

41 Adair Crawfoid (1748 — 1795), Professor of Chemistry at Woolw ch. 
Had published in 1799 ‘Experiments and Observations on Animal Heat, 
and the Inflammation of Combustible Bodies, being an attempt to resolve 
these phenomena into a general law of nature. 

42 Richard Kirwan (1733—1812). Famous chemist. Adversary of 
Lavoisier. His ‘ Essay on Phlogiston' (1779) was translated into French 
by Madame Lavoisier. 
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Et&t&IA, 1 8 th January , 1790. 

AFTER an unremitting attention of nearly forty years to a 
manufactory which I have had the happinefs to tfiablijh, and to fee fiourijk 
even beyond my mojl fanguine expectations, a wijh to enjoy that eafe and 
relaxation from the feverity of bufinefs,fo necejfary in advanced years, might 
perhaps meet with your indulgence : But a ftronger motive urges me to the 
new arrangement which I have now the honour to acquaint you with. — I have 
fins grown up, and prepared to enter into the aBive f cents of life ; and a 
nephew , who has long conduced the bujinefs of my warehoufe in London to my 
entire fatisfaBion . They have chear fully undertaken to unite their bcjl endea- 
vours in carrying on the various branches of this manufactory, and piomife to 
purfue , with alacrity and diligence, the improvements which I have begun . 
I have therefore ajfociated them with me in bujinefs, under the firm of 
Jofiah Wedgwood, Sons, and Byerley. 

Permit me to take this opportunity of returning you my fincere thanks for 
the favours you have been pleafed to confer upon me, and to entreat the conti- 
nuance, to this new ejlablijhment, of that goodnefs which I have fi long 
experienced, ajfuring yourfilf of our utmoft endeavours to merit your 
friendjhip and efieem , 


1 Tigard, 



Business circular of Josiah Wedgwood 
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The famous controversy concerning the composition 
of water between Watt and Priestley is referred to in one 
of the sentences of this letter. Watt showed himself the 
better reasoner, whereas Priestley was the greater experi- 
mentator. It is significant that in the same letter Lavoisier’s 
name is mentioned. I think the comparison between 
Watt’s work and Priestley’s can be made with equal 
justice with regard to Lavoisier and P-riestley. I shall, 
however, have occasion to discuss Lavoisier’s work later 
on, and will therefore proceed to the connection of 
Priestley with another man. 

Jo^iah Wedgwood was a frequent guest of the Lunar 
Society, but Priestley had already been on friendly terms 
with him before going to Birmingham. 43 

Amongst his autographs in my possession there is one 
which I reproduce on PL IX. This is the circular 
which Wedgwood sent to his customers announcing 
that he had taken his son into partnership. Wedg- 
wood was not only an admirer of Priestley, but also a 
strenuous helper in supplying him with his excellent 
earthenware materials, which were then, as for many years 
after, highly valued for scientific research work. 44 In return 
for his help, Priestley straightway communicated to him 
all his discoveries. This gave great satisfaction to Wedg- 
wood, who was himself as prominent in science as in 
artistic handicraft. Among my letters is one addressed to 
Wedgwood and endorsed by the latter : — 

May, 1785. 

Dear Sir, 

About the time that this comes to hand I hope 

you will receive three copies of my paper of experi- 

48 See ‘Life of Josiah Wedgwood/ by E. Meteyard. London, 
1865-66, vol. i,, p. 391. 

44 See * Life/ vol. xi., p. 557 ; also Priestley’s ‘Memoirs.* Cent, ed., 
p. 60. 
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ments printed for the Philosophical Transactions, of 
which one is for yourself, another for Dr. Darwin, and 
the third for the gentleman who was so obliging as to 
join you in contributing to the expense of my experi- 
ments but wished to be unknown . 48 

I am making the most of the fine sunshine we 
now enjoy, and have lately discovered some very 
remarkable new facts, which promise to throw much 
new light on the doctrine of air, &c. They could not 
be made but by means of a burning lens. 

I have been just trying a new process for pro- 
curing the charcoals of the several metals, some of 
which I shewed you, but it has not yet succeeded ; 
but I do not despair, and I hope to do this and much 
more, when I get a larger lens. As soon as I can get 
a tolerable assortment of these new modifications of 
the metals, I shall send them to you, either in London, 
or at Etruria. 

I wish your business of application to Parliament 
was in as good a train as my experiments are at 
present. Your exertion, tho’ unsuccessful, will do you 
the greatest honour. 

With my respectful compliments to Mrs Wedg- 
wood and your son, I am, Dear Sir, 

Yours sincerely, 

J. Priestley. 

The use of lenses for the production of high tempera- 
tures was very common. It allowed very clean work, and 
the disturbing influence of the burning of coal as a means 
of involuntary reduction was eliminated. The parlia- 
mentary business of Wedgwood, to which allusion is 

4 About the many people who assisted Priestley by yearly allowances 
or occasional gifts vide ‘Memoirs,’ p. 59. Priestly mentions in his 
‘ Appeal to the Public on the subject of the Riots in Birmingham * (1791), 
part ii., p. 105, that the Philosophical Society of Manchester had made 
him a member and granted him ^50 * to assist me in defraying the costs of 
my experiments.’ 
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made, was an effort to oppose the proposals of the Govern- 
ment to free Ireland from the commercial restrictions 
which had been imposed upon her since the Revolution. 
Wedgwood was unsuccessful in his opposition to the 
Government. 46 

Priestley, too, soon found himself at variance with the 
Government, and his very life was endangered, as we 
shall see. 

In November, 1790, Edmund Burke had published his 
4 Reflections on the French Revolution/ and our philo- 
sopher, who believed in the doctrines of Thomas Paine, 
the author of ‘The Rights of Man/ answered Burke in a 
pamphlet, which favoured the French revolutionists. 

Burke replied in the House of Commons, and Priestley 
thus acquired the reputation of a dangerous character. 
On PI X . can be found a contemporaneous caricature. 
Priestley is seen here with his foot on a book on which 
is written, ‘ The Bible explained away.* 

This refers to his doctrines, in which he attributed 
such a power in religious matters to reason, that he had 
fallen into disfavour with the Established Church. 

He lost all credit with the King and Church Party, 
and was certainly one of the most unpopular men of the 
day, especially as the Dissenters endeavoured to obtain a 
repeal of the Test Act. As a theologian he was ridiculed, 
as the caricature shows. Even his more peaceful occupation 
was the subject of the caricaturist's satire. (PI. XI.) 

Whatever his true or imaginary faults and mistakes 
may have been, the punishment which followed was 
excessive. 

On the 14th July, 1790, the signal for the French 
Revolution had been given by the capture of the Bastille. 
In the following year this memorable event was to be 
** See ‘Life of Josiah Wedgwood/ vol. xL, p. 535 — 36. 
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celebrated by a dinner at Birmingham. It must be con- 
fessed that Priestley had done much to excite the wrath 
of his opponents He had published pamphlets when he 
ought to have kept the peace, and although a most 
seditious handbill, which had been distributed broadcast 
early in July, had not been written by himself, noi even 
influenced by his party, the catastrophe came on the 
anniversary of the capture of the Bastille 

A crowd of rowdies assembled near the hotel where 
the dinner was to take place and broke every window 
Priestley, by the way, was not present himself Aftei this 
little preamble the crow'd hurried to the New Meeting 
House, where Priestley used to minister This house was 
pillaged and burnt, as also was a second Meeting House 47 
After the riots Priestley went to London, where he 
stayed first at Tottenham and later on at Hackney I 
possess two letters of Priestley written in reference to his 
troubles. The first is addressed to Josiah Rees, a Welsh 
Presbyterian minister 

Reverend Sir, 

A variety of engagements and absences from 
London have prevented my noticing your very 
obliging letter so soon as I should otherwise have 
done. The first opportunity that you have, I beg you 
would assure the ministeis in whose name you wrote 
to me, that I received the greatest satisfaction from 
their consolatory letter, and that I shall be far from 
considering my sufferings as a cause of lamentation, 
if they be the means, as I trust they will, of leading 
the Dissenters of different persuasions to feel for one 

47 See ‘An Authentic Account of the Riots m Birmingham * Birm- 
ingham, 1791 The second edition of this pamphlet contains an appendix : 

4 The Claims of the Sufferers and the Verdicts of the Juries,* See also the 
Chapter, The Birmingham Riots,* in Thorpe’s * Joseph Priestley,* and the 
4 Appeal,* mentioned in note 45, 
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another as brethren, and to value as they ought the 
great principles that are common to us all, and these 
we shall find are of infinitely more importance than 
all those about which we differ. Those great doctrines 
which lead us to acknowledge the providence of God 
here, and to look into futurity, so as to enable us to 
bear as we ought both the good and the evil of this 
life, we all agree in, as well as in acknowledging but 
one lawgiver in the church, Jesus Christ, and a sub- 
mission in all events to his authority, in opposition to 
every thing human. 

We have much to fear from the rising spirit of 
bigotry, encouraged by the clergy, and I fear the 
Court too, but with Christian prudence and fortitude 
we shall certainly overcome. 

With very respectful compliments to your brethren 
and yourself, I am, Rev. Sir, 

Your very humble servant, 

J. Priestley. 

London, Oct. 3, 1791. 

The second letter, which is addressed to Joseph Banks, 
is reproduced on PL XIV. 

I believe that, in all its brevity, it is the most touching 
of all the documents we have concerning the cruel con- 
dition of the ‘ broken philosopher/ 

Priestley set up a new laboratory at Hackney, and on 
the back of the letter which is reproduced on PL X V.A are 
the remarks of Sir Joseph Banks, enumerating the things 
with which he intends to provide his friend. 

It must by no means be imagined that the excesses of 
the Birmingham mob had sobered his enemies or brought 
the least semblance of shame to their minds. 

In the Times of 14th July, T792, one year after the 
riots, there appeared an abominable article, celebrating the 
anniversary of the * Glorious Birmingham lamp-lighting/ 
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He was often, together with Thomas Paine, burnt in 
effigy, and the King and Church party did everything in 
their power to make his existence impossible in England. 

The only comfort came from his scientific friends, who 
forgot whatever quarrels they had with him, and offered 
their help. In 1790 he had had a heated exchange of 
letters with Banks about a certain Mr. Cooper, whom he 
had recommended to the Royal Society, but who had 
been refused admission. In one of the letters in my pos- 
session relating to this quarrel he says : — 

To Sir Joseph Banks. 

72 St. Pauls, 25 April, 1790. 

Dear Sir, 

I cannot forbear to express my great dissatisfac- 
tion at the conduct of the Royal Society in the 
rejection of Mr. Cooper, recommended by myself and 
four other members. 

I consider this business as the effort of party 
spirit, political or religious, highly unworthy of the 
Society, injurious to the interests of philosophy, and 
arising from principles which would equally lead to 
my own exclusion from the Society. . . . 

Joseph Priestley. 

To Sir Joseph Banks. 

72 St. Pauls, 27 April, 1790. 

Dear Sir, 

You say that ‘ no token of Mr. Cooper's scientific 
merit has hitherto been brought forward to the 
Society.' 48 But is this the case of more than perhaps 

48 * The becoming of F.R.S. was at the time entirely dependent upon 
Sir Joseph Banks* goodwill.* The candidate was generally presented to 
Sir Joseph at one of his Thursday morning breakfasts, and, if unobjection- 
able, was introduced to the influential and leading fellows. The view which 
Sir Joseph took of the constitution of the Royal Society was, ‘that it shall 
consist of two classes — the working men of science and those who, from 
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one in ten of the members, especially of gentlemen 
of fortune, and liberal education, like Mr. Cooper? . . . 

Joseph Priestley, 

Banks, of course, thrust aside all thoughts of ill-feeling 
when he saw Priestley in this hapless condition, and 
hastened to his aid. 

I have, however, another document, also in connection 
with the help offered at this time to Priestley, which is still 
more remarkable. 

Its full contents are : — 

Les Chimistes de Paris au Docteur Priestley, Salut. 

A la nouvelle des dangers que vous aves courus 
et des foureurs auxquelles vous aves dchappe, tous les 
Etudiants en Chimie, en medicine et en Pharmacie, 
se sont rdunies pour vous adresser l’hommage de leur 
sensibilite : c’^taient vos disciples qui se rassemblaient 
et tous ceux qui s’occupent des sciences dans cette 
Capitale se sont fait gloire de se ranger parmi eux. 

Vous aves, Monsieur, ouvert dans les Sciences 
des routes nouvelles : vous aves honore le siecle et le 
pays qui vous avont via naitre ; vous a av£s sen- 
sible, bon vertueux et juste ; il manquait k votre 
gloire d’avoir dtc pers^cuttS : et c’est un nouveau point 
de ressemblance que vous v£nes d’acqudrir avec les 
philosophes les plus c&ebres de l’antiquit^. 

Comme Citoyen vous apparten^s k TAngleterre, et 
c’est a elle k Sparer vos pertes 48 : comme savant vous 
apparten^s surtout a ceux qui savent vous appr/cier ; 

their position in society or fortune, it might be desirable to retain as patrons 
of science.* From Weld’s ‘ History of the Royal Society.* London, 1848, 
vol. ii., pp. 152 — 153. The special case here alluded to by Priestley is 
fully discussed in his * Appeal to the Public on the Subject of the Riots in 
Birmingham.* (anded.) 1792. Part 2, p. 106. 

Priestley claimed originally damages for /4,11a. 16s. 9d. ; his claim 
in court amounted to /3,628. 8s. 9d., and he was allowed £ 2 , 50a. 18s. 
(‘An Account,* etc. 2nd ed., p. 36.) 
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et c’est nous, sous ce rapport, qui devons vdus resti- 
tuer les mesmes instruments que vous aves employes 
si utilement a nous instruir. Nous avons done r^solu 
de r^tablir votre Cabinet, de relever ce Temple que 
Tignorance, la barbarie et la superstition ont ost§ pro- 
phaner. Quel service plus important pourrions nous 
rendre aux sciences que de vous mettre en mains les 
instruments ndeessaires pour les cultiver? 

Deffenseurs zel^s de la liberte que notre pays vient 
de conquerir, nous n’avons pas et<£ des temoins oisifs 
de la plus ^tonnante des revolutions, dont les annales 
du monde ayent conserve le souvenir. Nous en avons 
suivi les mouvements et les progres avec cet esprit 
d’observation que donne l’tkude des sciences et que 
nous avons puis6 dans les ouvrages de nos maitres. 
Si au milieu de cet enthousiasme civique que nous 
avons tant de fois partag£, le peuple fransais a pu se 
poster quelquefois a des des exces coupables, c est 
toujours contre l’oppression qu’iletait arme : ildeffan- 
dait la ca‘se de la tolerance, de la liberte et de la 
philosophie. On ne se serait pas attendu qu’un peuple, 
qui se dit libre et quie se croit ^claire se fftt port£ k 
des exces en sens oppose. Nous nous garderons de 
Ten accuser: les vrais coupables sont ceux qui Pont 
£gar& Nous imiterons vos vertus et nous r^p^terons 
avec vous que les exces meme qui ont commis, 
ont plus fait en quatre jours por les progr&s de la 
raison, de la tolerance et de la philosophie, que les 
Merits des hommes sages n’en auraient pu faire en 
deux siecles. 50 

The importance of the document lies in the fact that 
the various corrections, of which one can be seen on the 
left hand side, are written by Lavoisier. (See PL X VI.) 

80 This is an unsigned draft. It is doubtful if the letter was eventu- 
ally sent to or received by Priestley. U is not mentioned in the list of 
addresses which Priestley received after the riot$ as stated in the preface 
of his ‘Appeal* on pages 26 and 27, where twenty-two addresses art 
enumerated. 
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It is thus evident that Lavoisier, who had many a 
scientific rencontre with his English contemporary “showed 
himself a staunch friend in the hour of need. 

Before entering into the details of the relations which 
existed between Priestley and Lavoisier, I shall, in just 
one or two sentences, bring the history of the former's life 
to an end. 

In 1794 Priestley sailed, with his wife, from London 
to New York, where he was well received. A professor- 
ship at Philadelphia was offered to him, but refused. For 
ten years he lived at Northumberland, occupied until the 
day of his death with theological and scientific studies. 

Thus, after all, his adventurous life ended peacefully. 

But the great Lavoisier had met his death on the 
guillotine even before Priestley had reached the shores of 
America. 

The French people, which had always stood, as 
Lavoisier himself wrote, on the side of tolerance, liberty, 
and philosophy, had sent him to the guillotine. 

With the exception of the tragic finale, his life's 
history was simple enough. 82 

Born in 1743, the son of a respected lawyer, he had 
an excellent education, and became already, in 1768, 
" adjoint ” to the French Academy. He inherited a large 
fortune from his mother, and grew still wealthier as a 
result of his marriage. Besides his scientific pursuits, he 
was most active in public life. He had become associated 
with the body known as “fermiers." These were financiers, 
whose duty it was to collect the state taxes, for which 
they paid a fixed sum to the Crown. 

#1 This most unpleasant chapter has been treated fully in the works by 
Grimaux and Berthelot from the French point of view. Compart Sir E. 
Thorpe’s * Essays/ pp. 149—184. 

** See 4 Lavoisier/ by E. Grimaux. 3rd ed. Paris, 1899. 
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Lavoisier’s experiments, referring to the measurement 
of specific heat, which he worked together with Laplace, 
are most significant His experiments on the production 
of respiration are also of great importance. 88 

But Lavoisier’s chief title to immortality re?ts, not so 
much on his experimental work, as on the new and most 
ingenious way in which he interpreted the experiments of 
others 

As already mentioned, the period of Priestley’s best 
experimental work was about 1771-1779 It is no mere 
accident that Lavoisier’s most important publications date 
from approximately the same period. Lavoisier was the 
first to see the true importance of the discovery of oxygen. 
He saw that this gas had to be present in all processes in 
which the chalx of a metal is formed from the metal 
itself But he saw still more , he saw clearly that the 
explanation of this process which is accompanied by an 
increase in weight was to be found in the simple chemical 
addition of the weight of oxygen. These discoveries 
took him still a step further In following up all his 
experiments exactly with a balance, Lavoisier found that, 
whatever processes took place, the total weight of all the 
chemical compounds acting in these processes was never 
changed ; in other words, he found one of the two great 
propositions which, so to speak, govern the way in which 
we nowadays regard all processes in chemistry, namely, 
the conservation of matter. All this, of course, was in part 
exactly tfye opposite of the then still all-powerful theory 
of phlogiston ; it therefore amounted to nothing less than 
a revolution in chemistry. 

Most unfortunately, Lavoisier’s life coincided with the 

** A list of Lavoisier’s publications is given in Grimaux’s work, pp. 
336—358. His works have been edited under the care of the Minister of 
Public Instruction m France. (Pans, 1846—1893.) The Works of Priestley 
have not yet been collected. 
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great political revolution. The chief facts which involved 
him in it were, so far as can be made out, as follows : — 

He was rich, and moreover, he had once criticised 
somewhat severely a treatise on Heat written by the 
demagogue Marat. He was also a member of the hated 
body of the fermiers generals. 

You might, perhaps, consider that all these reasons 
are hardly sufficient to bring anyone to the guillotine. 
But nevertheless so it happened, and he had his death 
warrant signed on the 7th May, 1794, and was guillotined 
on the following day. The most significant words which 
the brute of a judge (called Cofifinhal) thiew into the face 
of the gieat Lavoisier were, 4 The Republic does not need 
any scientists/ 

Madame Paulze Lavoisier had courageously supported 
her husband’s cause throughout the five months of his 
trial. Even after his execution she continued the struggle 
and finally succeeded in obtaining the reconstitution of 
his property. 64 

I have a document, written by her some time after 
her husband’s death, and which relates to matters of his 
personal estate. (See PI. XVII.) 

I hope I have at least demonstrated the fact that 
valuable information can be obtained from autograph 
documents. Especially is this the case if one extends the 
collection over contemporaneous pictures, pamphlets, etc. 
Of course, the study of history is impossible without first 
studying the printed books or papers of the various 
scientists, and autograph documents can only afford addi- 
tional, though very often valuable, information. If you 
read Macaulay’s history, you will find how often he refers 

54 She became later on the wife of Benjamin Thompson, better known 
as Count Rumford. 
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to the publications of Strype. The latter was one of the 
first autograph collectors of the old times, and his publica- 
tions afforded most essential assistance later on to the 
works and publications of Macaulay. My aim is at the 
best not to do more than Strype has done : to prepare 
the way and collect the material for the historian. 



PROCEEDINGS 


OF 

THE MANCHESTER LITERARY AND 
PHILOSOPHICAL SOCIETY. 


Ordinary Meeting, October ist, 1912. 

The President, Professor F. E. Weiss, D.Sc., F.L.S., 
in the Chair. 

Mr. C. L. Barnes, M.A., drew attention to the recent 
accessions to the Society’s Library, and a vote of thanks was 
accorded the donors of the books upon the table. The following 
were amongst the recent accessions to the Society’s Library : 
“Russia's Policy in Finland by G. Evreinov, trans. from the 
Russian by V. E. Marsden (8vo., London, 1912), presented by 
the Translator ; “ Results of Meteorological Observations made in 
New South Wales,” during 1887, 1888, 1889, 1890, 1898, 1899 
and 1900, 1901 and 1902, under the direction of H. C. Russell 
(8vo., Sydney, 1889-3892, 1900, 1903 and 1904), “ Results of Rain, 
River, and Evaporation Observations made in New South Wales, 
during 1888,1889, 1890, 1891, 1892, 1893, 1894, 1895, 1896, 1897, 
1898, 1899, *900, 1901-1902, under the direction of H. C. 
Russell (8vo., Sydney, 1889-1904), and a collection of twenty- 
seven meteorological papers by H. C. Russell, presented by 
A. W. Waters, Esq., F.L.S., F.G.S. ; “ Flora capensis,” vol. 5, 
sect i., pt iv., by Sir W. T. Thiselton-Dyer (8vo., London, 1912) 
purchased ; “ In and Around the Morteratsch Glacier . . by J. Y. 
Buchanan (8vo., n.p., 1912), presented by the Author ; “ Geologic 
Atlas of the United States? folios Nos. 174-182 (la. fol., Washington, 
D.C, 1910-1912), presented by the United States Geological 
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Survey, u Lagenae of the South-West Pacific Ocean , From 
soundings taken by H.M.S. ‘ Waterwitch, 1 1895,” by Henry 
Sidebottom (8vo., London, 1912), presented by the Author; 
“ The Record of the Royal Society of London... ,” 3rd ed. (4to., 
London, 1912), and “ The Signatures in the Lirst Journal-Book 
and the Charter-Book of the Royal Society ” (la fol., London, 
1912), presented by the Ro)al Society of London; “ Subject 
List of Works on Mineral Industries., in the Library of the 
Tatent Office ,” Ft 2, New Series, XN 40 — XR, Pt 3, New 
Series, XS — YH (161110., London, j 9 1 2 ), and “ Subject List of 
Works on Horology . in the Library of the Patent Office New 
Series, hO— FR (i6mo, London, 1912), presented by the 
Patent Office, London ; “ Meridian- Beobachtungen von Sternen 
in der Zone 6j° — JO nordhcher Declination , LI. Katalog fur das 
Aequinoctium 1900.0 ,” von H Geelmuyden und J. Fr. Schroeter 
(fol., Christiania, 1912), presented by the Observatoriuni, Christi- 
ania , “ Catalogue of the Periodical Publications , including the 
Serial Publications of Societies and Governments in the Library 
of the University College, London f by L. Newcombe (8vo., 
Oxford, 1912), presented by the University College, London; 
“ The Arabic and Turkish Manuscripts m the Newberry Library,'' 
by 13 . B. Macdonald (8vo., Chicago, I 1 !., 1912), piesented by 
the Newberry Library ; “ De Temper at uur-sinvloed op Physialo- 
gische Processen der Alcoholgist," .. door J. E. van Amstel (8vo., 
Amsterdam, 1912), “ Het Aethyleeren van Chloorbenzolf .. .door 
J. G. W. Sieger (8vo , Amsteidam, 1912), “ Proeve eener Theorie 
van het Roteerend Magneiisch Veld,”., door P. M. Verhoeckx 
(8vo , ’s Gravenhage, 1912), and “ Stranden en Strandverdedigingf 
. door L. R. Wentholt [Text and Atlas] (8vo., Delft, 1912), 
presented by the Technische Hcogeschool, Delft ; u Rapporten 
van de Commissie in Nederlandsch- Indie voor Oudheidkundig 
Onderzoek cp Java en Madoeraf 1909 and 1910 (4to., Batavia, 
ike., 1911), presented by the Bataviaasch Genootschap van 
Kunsten en Wetenschappen ; “ Die Wind-verhaltnisse in den 
oberen Luftschichten nock Ballonvisitrungen in Batavia,” von 
W. van Bemmelen (4to., Batavia, 19x1), and I. “ Drachen- und 
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Fesselballon-beobachtungen,” II. a Wissenschaftliche Ergebnisse 
der Aufstiege mit dem Freiballone ‘ Batavia 9 ” von C. Braak (4to., 
Batavia, 1912), presented by the Koninklijk Magnetisch en 
Meteorologisch Observatorium te Batavia ; and “ Censo General 
de la Ciudad de la Plata by C. P. Salas and A. C. Alcorta (4to., 
La Plata, 1910), presented by the Direccion General de Esta- 
distica de la Provincia de Buenos Aires. 

New exchanges have been arranged with the Tohoku 
Imperial University ( Science Reports and Tdhoku Mathematical 
Journal ), Sendai ; and the Buieau of Productive Industries, 
Government of Formosa ( leones Plantamm Formosanarum , nec 
?ion et Contribution's ad Floram Formosanam ), Taihoku. 

A copy of the Address presented to the Royal Society of 
London, at the celebration of the 250th anniversary of its 
foundation, was read by the President. The Address was as 
follows : — 

“ Praesidi Consilio Sodalibus Societatis Regalis Pro 
“Scientia Naturali Promouenda annum CCL suum feliciter 
“ celebrantis S.P.I). Societas Litteraria et Philosophica 
“ Mancuniensis. 

4 ‘ Etsi uix omnibus persuadebit poeta qui censebat 
“ In magnis et uoluisse sat est, 

“tamen cum praeclaros Societatis Vestrae annales per tot 
“ iam saecula florentis spectemus, nostrae certe non ingrata 
“laus erit si quis nos uoluisse iudieauerit, quantum quidem 
“intra prouinciam nostiam fieri posset, insistere uestigiis 
“Vestris. Nec sine gloria quadani propria nobis, qui usque 
“ad hunc diem Daltonii illius domum habitamus, recordari 
“licet et Daltonium ipsum et Ioulium, — quibus qua nomina 
“ in rebus physicis illustria ? — communes socios Vestri et 
“ nostri corporis fuisse, nec non inter nos, ut inter famili- 
“ares suos, aliquanto prius reperta sua quemque esse 
“ confessos. Nonne enim, ut cecinit Salomo, “ceuferrum 
“ ferro, sic ab amico exacuitur amici facies ? ” Nos certe si 
“quid unquam boni in medium conferre uel poterimus uel 
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“potuimus, inde id nobis contigerit quod Vestro exemplo 
“ instincti doctos uiros et naturae inuestigatores singulos ac 
“solos laborare non* patimur, sed in sociorum conuiuia, in 
“ rationis commercia attrahere conamur. Sit de nobis 
“ quoque dictum, ut a Vergilio olim cum Roma Mantuam 
“comparante, 

“ Sic canibus catuli similes, sic matribus haedi, 

“ dummodo quis hoc pro certo habeat nos haedos, quan- 
“ quam iam et ipsi per centum et triginta annorum cursum 
“ saltauimus, uictorias ac triumphos Vestros, uelut Parentis, 
“summo semper gaudio reuereri, feriasque Vestras hoc 
“tempore laetissime celebrare. Et in tanto hoc populo, 
“ cuius necessitates in dies acrius Scientiae exauctae opem 
“ante omnia implorant, diu Vobis excitare ac ducere liceat 
“ magnum istum exercitum quarentium ueritatem. 

“ Horum ergo uotorum nuntium, Praesidem nostrum 
“dilectum, artis botanicae acerrimum Professorem, Frederi- 
“cum 1 'rnestum Weiss, a Vobis benigne uocati delegauimus 
“qui Vobis ipse laetantibus laetitiam nostiam repraesentet. 

“ F. E. Weiss, Praeses. 

“R. L. Taylor, | 

“George Hickung.J Secretarli - 

‘‘ Datum Mancumo 

“ ex aedibus Daltonianis 

“ Kal. Iul. MPCCCCXII.” 

Mr. William Burton, M.A., F.C.S., gave a brief account 
of the life and work of Mr. Alfred Brothers. Mr. Biothers was 
elected a member of the Society in i860; thus, at the time of 
his death, on August 25th, he had for more than fifty years 
been a member of the Society. 

The President exhibited and made some remarks on a 
specimen of the so called Crown or Mummy Pea. 

Professor G. Elliot Smith, M.A., M.D., F.R.S., read a 
paper entitled, “Ancient Stone Monuments.” 

The paper will be printed in the Memoirs. 
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General Meeting, October 15th, 1912. 

Mr. Francis Jones, M.Sc., F.R.S.E., F.C.S., Vice-President, 
in the Chair. 

Mr. J. C. Maxwell Garnett, M.A. (Cantab ), Principal of 
the Municipal School of Technology, Manchester ; Mr. Miles 
Walker, M.A., M.I.E E., Professor of Electrical Engineering, 
The Municipal School of Technology, Manchester, The Cottage , 
Leicester Toady Hale , Altrincham ; Mr. D. M. Fair lie, M.Sc. 
(Mane.), Demonstrator in Electro-Chemistry, The Municipal 
School of Technology, Manchester, Mr. R. Stephen Adamson, 
M.A., B.Sc., Lecturer in Botany, The University, Manchester; 
Mr. W. B. Builrley, M.Sc. (Mane.), Lecturer in Economic 
Botany, The University, Manchester; and Mr. John McFarlane, 
M.A. (Edinb.), B.A. (Cantab.), M Com. (Mane.), Lecturer in 
Geography, The University, Manchester, were elected ordinary 
members of the Society. 


Ordinary Meeting, October 15th, 1912. 

Mr. Francis Jones, M.Sc., F.R.S.E., F.C.S., Vice-President, 
in the Chair. 

A vote of thanks was given to the donors of the books upon 
the table. These included volumes I. — XX. of the “ Annals of 
Botany ” (8vo., London, 1887-1906), presented by The President, 
Professor F. E. Weiss ; and “ Subject List oj Works on Mineral 
Industries .. .in the Library of the Patent Office Pt. 1, New 
Series, WN — XN 39 (i6mo., London, 1912), presented by the 
Patent Office, London. 

Professor G. Elliot Smith, M.A., M.D., F.R.S., exhibited 
lantern slides of a Second Dynasty Egyptian coffin in the 
collection of the Manchester Museum, and made some remarks 
as to its bearing upon the theory of megalithic monuments 
presented by him at the last Meeting. 
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Mr. Arthur Adamson, M.Sc.Tech., A.R.C.S., exhibited 
and described an apparatus which could be used for 
the exact trisection of an angle, a problem which is, in 
general, impossible of solution by ordinary geometrical methods. 

A paper by Mr. Adamson on the subject will appear in the 
Memoirs . 

Professor W. W. Haldane Gee, B.Sc., M.Sc.Tech , 
A.M.I.E.E., said that since Mr. Adamson explained his model to 
him he had taken some interest in the historic problem of the 
trisection of an angle. About 2,300 years ago the sophists were 
busy with three geometrical problems — ( 1 ) squaring the circle, (2) 
doubling the cube, and (3) the trisection of the angle — few 
problems in mathematics have been studied so persistently. 
They were found insoluble by the use of straight lines and 
circles only. Hippias of Elis was one of the first to study the 
trisection problem. He discovered the quadratrix. About 200 b.c. 
the conchoid was invented and applied to the trisection of 
an angle. In the works of Pappus a number of solutions are 
collected. Reference was also made to the work of Archimedes 
(287-212 b.c.), Vieta (1540-1603), Snell (1591-1626), Descartes 
(1596-1650), Viviani (1622-1703), Pascal (1623-1662), Huygens 
(1629-1695), Tschenhausen (1631-1728), Newton (1642-1727), 
and others. 

A paper by Mr. D. M. S, Watson, M.Sc., entitled 

“The larger Coal-Measure Amphibia,” was read by 
Dr. Hickling. 

The paper is printed in full in the Memoirs. 


General Meeting, October 29th, 1912. 

The President, Professor F. E. Weiss, D.Sc., F.L.S., in the Chair. 

Mr. A. W. Rymkr Roberts, M.A. (Cantab.), EUerbeek , 
Crook , near Kendal , was elected an Ordinary member of, the 
Society. 
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Ordinary Meeting, October 29th, 1912. 

The President, Professor F. E. Weiss, D.Sc., F.L.S., in the Chair. 

A vote of thanks was accorded the donors of the books 
upon the table. These included : “ A Dictionary of the Biloxi 
and Ofo Languages ,” by J. O. Dorsey and J. R. Swanton (8vo., 
Washington, 1912), and “ Early Alan in South America ,” by 
AleS Hrdlicka and Others (8vo., Washington, 1912), presented 
by the Bureau of American Ethnology. 

Mr. Thomas Kay, J.P., exhibited sketches of the three 
voltaic experimental piles of Alessandro Volta — the perpendicular 
form (with a model of the original), another form in the dry 
plates, and one in wet tubes. Mr. Kay also showed a sketch 
of the bust of Volta in the Museum at Como, and a daguerreo- 
type of Michael Faraday, D.C L., and John Frederick Daniell, 
D.C.L., taken at Beard’s Gallery in London, 1841, obtained 
from Dancer, the Manchester optician. 

l)r. Kurt Loewknfeld read a paper entitled “The 
importance of autograph documents in the History of 
Science ” (Part I.). 

The paper will be printed in full in the Memoirs . 


General Meeting, November J2th, 1912. 

The President, Professor F. E. Weiss, D.Sc., F.L.S., 
in the Chair. 

Miss Marjorie Lindsey, B.Sc., Research Student in the 
Victoria University of Manchester, was elected an ordinary 
member of the Society. 
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Ordinary Meeting, November 12th, 1912. 

The President, Professor F. E. Weiss, D.Sc., F.L.S., 
in the Chair. 

A vote of thanks was given to the donors of the books upon 
the table. These included : A Monograph of the Mycetozoa 
by A, and G. Lister, 2nd ed. (8vo., London, 1911), and “ A 
Revision of the Ichneumonidae,” by Claude Morley (8vo., London, 
1912), presented by the Trustees of the British Museum; and 
“ Flora cafensisf vol. 5, sect, iii., pt. i., by Sir W. T. Thiselton- 
Dyer (8vo., London, 1912), purchased. 

Professor S. J. Hickson, F.R.S., exhibited a pearl alleged 
to have been found in a Nautilus. The pearl, which is 
irregularly pear-shaped, weighs 2 7 5 grains, and was presented 
to Professor Hickson by a Dutch magistrate in North Celebes. 

A paper by Dr. Henry Wild*, F.R.S., was read “On 
Search-Lights and the ‘Titanic ’ Disaster.” 

This paper is printed in full in the Memoirs 

Mr. H. G. J. Moseley, B.A , read a paper entitled 
“ Radium as a means of obtaining High Potentials.” 
He stated that a radio-active substance which emits / 3 -rays 
should, when insulated, continue to gain a positive charge until 
a potential of the order of a million volts is reached. Only the 
fastest / 3 -rays should then be able to escape. Experiments have 
been made to test this point. A small bulb containing radium 
emanation was supported by a quartz rod in the centre of an 
exhausted flask. A disk suspended from a quartz spring in the 
neck of the flask formed a simple attracted disk electrometer. 
It was found that a bulb of diameter 9 mm. reached a potential 
of 160,000 volts in the course of a few minutes. A sudden 
discharge then took place through the residual gas in the flask, 
although great care had been taken in obtaining the vacuum. 
A bulb of diameter 5 cm. charged up much more slowly: in 
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the latter case no discharge took place, and the final potential, 
140,000 volts, was limited by a leak of electricity along the 
quartz Support. The cause of discharge in a high vacuum is 
still unknown. 

A paper by Mr. C. G. Darwin, B.A., entitled “The 
Interference-phenomena produced by passing X-rays 
through crystals,’ was read by Mr. H G. J. Moseley. 


General Meeting, November 26th, 1912 

The President, Professor F. E. Weiss, D.Sc., F.L.S., 
in the Chair. 

Mr. Edward Melland, Kia Ora , Hale , Cheshire , and 
Mr. J. E. Myers, M.Sc., Beyer Fellow and Assistant Lecturer 
in Chemistry in the Victoria University of Manchester, Acresfeld, 
Gatley y Cheshire , were elected ordinary members of the Society. 


Ordinary Meeting, November 26th, 1912. 

The President, Professor F. E. Weiss, 1 ) Sc , F.L.S., 
in the Chair. 

A vote of thanks was accorded to the donors of the books 
upon the table. These included : “ Katalo% und Ephemenden 
verd nderi icher Sterne fur 1912,” by Ernst Hertwig (8vo., Leipzig, 
1912), presented by the Remeis Sternwarte, Bamberg; “ The 
Cry staliization of Metals ” (8vo., Glasgow, 1912), and “ Report 
on Diffusion in Solids ” (8vo., London, 1912), by Cecil H. Desch, 
presented by the Author ; and Festschrift des Vertins fur 
Naturkunde zu Cassel zu Feier seines fU nfu ndziebsi^jdh rige n 
Bestehens ” (8vo., Cassel, 1912), presented by the Vereins fur 
Naturkunde, Cassel. 
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A new exchange has been arranged with the Faraday Society 
(Transactions), London. 

Dr. H. H. Hofffrt exhibited an instrument called ‘The 
Rainbow Cup/ which was described by Mr. C. V. Boys, F.R.S., 
at a recent meeting of the Royal Society. 

The President read a paper, entitled “ On the root- 
apex and young root of Lyginodendron.” 

Dr. Kuri Lofwrnfkld read a paper on u The importance 
of Autograph Documents in the History of Science” 
(Part II.). 

These papers will be printed in full in the Memoirs . 


Oidinary Meeting, December Toth, T9T2. 

The President, Professoi F. E Wmss, D.Sc., K.L.S., 
in the Chaii. 

A vote of thanks was given to the donors of the books 
upon the table. 

The President drew attention to the loss the Society had 
sustained by the death, on December 0 th, of Mr. Arthur 
McPougall, B Sc. Mr. McDougall, who was elected an ordinary 
member on Novembei 13th, 1866, had taken an active interest 
1 1 the welfare of the Society, and from T902 to 1910 he held 
the post of Treasurer. 

Mr. T. A. Coward, F Z.S , exhibited a fossil believed to 
have been found in a brickfield near Tim perl ey. The fossil, on 
examination by Professor Weiss, proved to be a barrel-shaped 
pith of a cycadean stem with small portions of the surrounding 
wood, the superficial markings of the fossil being due to the 
medullary rays. 
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A coloured photograph of a specimen of the Baikal or 
Formosan 'real. Anas formosa , was also shown by Mr. Coward. 
The bird was shot at Wirral a short time ago. It had probably 
escaped from captivity, but there is always the possibility that 
these strong-winged birds may have wandered on migration. 
This Teal has occasionally reached Europe. 

A paper entitled “ The Constitution of the Phosphoric 
Acids and some of their Alkali Salts,” by Dr Alfred 
Holt and Mr. J. E. Mykrs, M.Sc., was read by the former. 

'There appear to be only two varieties of metaphosphoric 
acid and two corresponding series of salts. These salts are 
derived ftom mono and trimetaphosphoiic acids. 

The tri-acid is vitrious ; the mono-acid can only be obtained 
in solution. The monometaphosphates of the alkalies are readily 
soluble in water and are prepared by either neutralizing the 
mono-acid or by devitrifying the glass obtained by the action of 
heat on microcosmic salt. This is in direct contradiction to the 
usual statement of text-books. 

'The moie complex metaphosphates are probably double salts. 

Miss Philipp\ C. Esdailk, M.Sc., read a paper on u The 

Scientific Results of the Salmon Scale Research at 
Manchester University.'* 

This paper is printed in full in the Afemoirs. 

Mi. C. L. Barnes, M.A., read a “ Note on the Mean 
Magnetic Moment and Mean Energy of a Vibrating 
Magnet,” by Dr. J. R. Ashworth, communicated by Mr. 
R. I, Taylor, F.C.S.. F.I.C. 

This paper is printed in full in the Memoirs. 


General Meeting, January 7th, 1913. 

Mr. Francis Jones, M.Sc., F.R.S.E., F.C.S., Vice-President, 
in the Chair. 

Mr. Hans Renold, M.I.Mech.E., Priestnall Hey , Heaton 
Mersey , was elected an ordinary member cf the Society. 
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Ordinary Meeting, January 7th, 1913. 

Mr. Francis Jones, M.Sc., F.R.S.E., F.C.S., Vice-President, 
in the Chair. 

A vote of thanks was accorded the donors of the books 
upon the table. Amongst these were : “ Rapforten van de 
Commissie in Neder land sch- Indie voor Oudheidkundig Onderzoek 
op Javaen Madotra 1911 (4to., Batavia, &c., 1912), presented 
by the Bataviaasch Genootschap van Kunsten en Wetenschappen, 
Batavia; and parts of two new periodicals — The Journal of the 
College of Agriculture , presented by the Imperial University, 
Tokyo ; and The Science Reports , 2nd Series (Geology), presented 
by the Tohoku Imperial University, Sendai. 

A new exchange has been arranged with the Indian 
Association for the Cultivation of Science (Bulletin), Calcutta. 

I)r. G. Hickling made a short communication with regard 
to a remarkable band-like cloud, seen by him on the night of 
December 24th last, which it was suggested was possibly due to 
cloud formation on the trail of dust in the track of a meteorite. 

Dr. H. F. Coward described some experiments, carried out 
by Mr. F. Brinsley and himself, which led to the production of 
vortex rings of flame in mixtures of gases containing too little 
of the inflammable constituent for complete inflammation. The 
formation of vortex rings of flame in a hydrogen-air mixture was 
shown. 

Papers, entitled “ The specification of the elements 
of stress,” Part II,— “Simplification of the specifica- 
tions already given” (vide Manchester Memoirs , Vol. LVI., 
No. 10), and Part III .— * 14 An Essay towards the re- 
construction of the fundamental equations / 1 were read 
by Mr. R. F. Gwyther, M.A. 

These papers will be printed in full in the Memoirs . 
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General Meeting, January 21st, 1913. 

The President, Professor F. E. Weiss, D.Sc., F.L.S., 
in the Chair, 

Mr Charles Duncan Stewart, B.Sc., The Schools , 
Cheadle ffulme , Stockport , was elected an ordinary member of 
the Society, 


Ordinary Meeting, January 2ist ; 1913. 

The President, Professor F. E, Weiss, D.Sc., F.L.S., 
in the Chair. 

A vote of thanks was given to the donors of the books upon 
the table. These included the following: — " Katalog und 
Ephemendtn veranderhcher Sterne fur 1913 f by Ernst Hertwig 
(8vo., Leipzig, 1913), presented by the Remeis Sternwarte, 
Bamberg, 44 Les Prtx Nobel eti 1911" (8vo , Stockholm, 1912), 
presented by the Acadeime Royale Suedoise des Sciences, 

Stockholm; “ A Barometer Ma?iual ” 7th ed. (8vo , 

London, 1912), and other publications presented by the 
Meteorological Office, London ; and “An Attempt to Establish 
the First Principles of Chemistry vol. x, by Thomas Thomson 
(8vo , London, 1825), presented by Mr. E. L. Rhead, M.Sc.Tech., 
F.I.C. 

Dr. H. F. Coward repeated the experiments shown at a 
previous meeting, carried out by himself and Mr. F. Brinsley, 
on the formation of vortex rings of flame in a mixture of air with 
about 6 per cent of hydrogen. 

A paper, entitled “Experiments on Abel's theory 
that incombustible dusts act catalytically on igniting 
weak mixtures of methane and air,” by Professor 
Harold B. Pixon, M.A., F.R.S, and Harry Marchanton 
Lowe, fi.Sc, was read by Professor Dixon. 

The use of fine incombustible dusts as a means of preventing 
explosions of coal dust in mines has brought into prominence 
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the conclusions arrived at by the late Sir Frederick Abel, vis., 
that the presence of such incombustible dusts in a mine may 
bring about the explosion of small percentages of fire-damp in 
air which would not otherwise be inflammable. 

While the experiments on which Abel founded these con- 
clusions have been repeated on a similar scale at the Home 
Office Experimental Station at Eskmeals during the past year 
with negative results, the explanation advanced by Abel has also 
been examined experimentally in the chemical laboratories of 
the Manchester University. 

Abel's explanation is that the finely divided dust, heated up 
by the lamp flame, allows chemical action to take place on its 
surface — just as platinum brings about the combination of 
hydrogen and oxygen —and that the oxidation of the fire-damp 
proceeds with increased rapidity as the dust becomes more 
highly heated. The dust particles are thus raised to incan- 
descence and fire the gas mixture round them. 

This explanation involves the assumption that an amount Of 
combustible gas, which is insufficient to propagate flame in the 
mixture, can by suffering partial combustion bring the remainder, 
into an explosive state. The heating up of a gas mixture by an 
external source of heat increases its explosive power ; but this is 
not found to be true if the heat is derived from the burning of 
the gas itself. 

The authors have heated up mixtures of coal gas and air and 
mixtures of methane and air by means of a long platinum spiral 
through which an electric current was passed. After chemical 
combustion is started the mixtures become less and not more 
explosive, although only a portion of the heat is derived from 
combustion of the gas itself. Even if the incombustible dusts 
acted like platinum it would be difficult to explain Abel's results 
as being due to a catalytic action. 

Experiments carried out at Eskmeals show that the presence 
of fine incombustible dusts do not increase, but retard, the rite 
of explosion of gaseous mixtures. 
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Professor Dixon then proceeded to describe the Home 
Office Experimental Station at Eskmeals (Cumberland), in which 
the actual conditions in a mine are imitated as nearly as possible. 
This was illustrated by a number of lantern slides. 


General Meeting, February 4th, 1913. 

The President, Professor F. E. Weiss, D.Sc., F.L.S., 
in the Chair. 

Mr. J. B. Hubrecht, M. A., Special Lecturer in the Victoria 
University of Manchester, of Northfield y Knutsford, Cheshire , was 
elected an ordinary member of the Society. 


Ordinary Meeting, February 4th, 1913. 

The President, Professor F. E. Weiss, D.Sc., F.L S., 
in the Chair. 

A vote of thanks was accorded the donors of the books 
upon the table. Amongst these were : — “ The Centenary of a 
Nitieteenth Century Geologist: Edward William Bintiey, FR.S.f 
by James Binney (i2mo., Taunton, 1912), presented by Mr. C. L. 
Barnes, M.A. ; “ Narratives of Indian Captivity ” (8vo., Chicago, 
1912), presented by the Newberry Library, Chicago; “ The 
Lancashire Naturalist Vols. 4 and 5 (8vo., Dai wen, 1911-1912), 
presented by Mr. T. A. Coward, F.Z.S. ; and “ Manufacturing in 
Philadelphia, 1683-1912 f by T. J. Macfarlane(8vo., Philadelphia, 
1912), presented by the Philadelphia Commercial Museum. 

* Mr. G* P. Varley, M.Sc., and Mr. Arthur Adamson, 
M«Sc.Tech. f A.RX.S.J were nominated Auditors of the Society’s 
accounts for the session 1912-13. 
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Mr. D. Thoday, M.A., exhibited a capillary eudiometric 
apparatus devised by Bonnier & Mangin, of Paris, for analysing 
small volumes of aii in experiments on the exchange of gases 
between plants and the atmosphere. The apparatus was first 
described in 1891 by Antert. The volume of air used is only 
about 0.3 cc., and the complete analysis and subsequent washing 
of the apparatus take about a quartei of an hour. Mr. Thoday 
shewed how the apparatus is used and gave an account of his 
critical investigation of sources of error to which the method is 
liable and modifications of technique which he has been led to 
introduce. The results finally obtained shew a degree of 
accuracy which approaches very nearly to the highest expecta- 
tion, a series of analyses giving percentages of C0 2 and oxygen 
in samples of air which differ from the mean by not more than 
0.05 % of the total volume of air analysed. 

Mr. W. B. Bribrley, M.Sc., read a paper entitled “The 
gtructure and Life-history of Leptospharia lemanece 

This paper is printed in full in the Memoirs. 


General Meeting, February 18th, 1913. 

The President, Professor F. E. Weiss, D.Sc., F.L.S., 
in the Chair. 

Mr. William Henry Sutcliffe, F.G.S., Shore , Little - 
borough^ Lancashire , was elected an ordinary member of the 
Society. 


Ordinary Meeting, February 18th, 1913, 

The President, P|pfessor F. E. Weiss, D.Sc., F.L.S., 
in the Chair. 

A vote of thanks was accorded to the donors of the books 
upon the table. These included the following '.—“Proceedings 
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cj the Meetings held the iooth Anniversary of the Founding 

of the Academy . . . (Fol., Philadelphia, 1912), presented by the 
Academy of Natural Sciences, Philadelphia ; “ Notice sur Henri 
Poincari ,” by Ernest Lebon (8vo., Paris, 1913), presented by the 
Author ; and “ Guide to the Search Department of the Patent 
Office Library , with Appendices 4th ed. (i2mo., London, 1913), 
presented by the Patent Office, London. 

The President referred sympathetically to the disaster 
which had overtaken the Antarctic Expedition and the great loss 
sustained by the deaths of Captain R. F. Scott and his 
comrades. He drew attention to the necessity for the publica- 
tion of a complete lecord of the scientific and geographical 
knowledge acquired by the Terra Nova Expedition. 

Professor Elliot Smith, M.A., M.D., F.R.S., gave an 
account of “The Sussex Skull and its Brain-Cast.” 
By the courtesy of Dr. Smith Woodward and Mr. Dawson, 
Professor Elliot Smith was able to exhibit plaster casts of the 
fragments of the Sussex Skull and the cast made from them to 
represent the formation of the brain. An account was given of 
the state of our knowledge of ancient man to illustrate the 
importance of the new information supplied by the Sussex 
remains. 


Special Meeting, March 4th, 1913. 

The President, Professor F. E. Weiss, D.Sc., F.L.S., 
in the Chair. 


At the Society’s invitation, Mr. A. D. Hall, M.A., F.R.S,, 
delivered a Special Lecture on 44 The Plant and the Soil. 1 ’ 
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Ordinary Meeting, March 18th, 1913. 

The President, Professor F. E. Weiss, D.Sc., F.L.S, 
in the Chair. 

A vote of thanks was accorded the donors of the books 
upon the table. Amongst these were : — “ Civil War Messages 
and Proclamations of Wisconsin War Governors ” (8vo., n.p., 
1912), Wisconsin History Commission, Reprints No. 2, “A 
Narrative of Service with the Third Wisconsin Infantry ,” by 
J. W. Hinkley (8vo, n.p, 1912), presented by the Wisconsin 
History Commission, Madison ; and “ Schnee - und Eisverhdlt- 
nisse in Finland im Winter 1898-1899” by W. W. Korhonen 
(fol. Kuopio, 1912), presented by the Helsingfors Meteorlogische 
Central-Anstalt. 

Mr. Thomas Thorp, F.R.A.S., exhibited celloidine castings 
he had made of gratings ruled on Professor Rowland’s machine 
at the Johns Hopkins University, U.S.A. These, having deeper 
grooves than those in ordinary use, gave much brighter spectra 
and were consequently of greater value. 

A paper, entitled “A Criticism of some Modern 
Tendencies in Prehistoric Anthropology,” was read by 
Mr. W. H. Sutcliffe, F.G.S. 

This paper is printed in full in the Memoirs. 

Professor Boyd Dawkins said he accepted the conclusions 
in Mr. Sutcliffe’s timely and well-thought-out paper that follows 
the lines sketched out some thirty years ago in M Early Man in 
Britain,” and brings the enquiry into the antiquity of man down 
to the knowledge of to-day. It emphasises the need of curbing 
the archaeological imagination and of approaching the question 
by the strict inductive method by which all sciences have been 
evolved out of observations of varying merit, sound, non-proven, 
or false. The first of these three classes alone offers a safe 
basis for scientific theory, the second should be put, as Lord 
Avebury suggests, to a suspense account, and the third should 
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go into the waste-paper basket. Applying these principles to 
the present aspect of the antiquity of man, we may take the 
following points to be clearly proved : — 

1. That man is of vast and immeasurable antiquity, and 
that he was living in Europe as a hunter in the early Pleistocene 
age. 

2. That the human skeletons found in the caves of Nean- 
derthal, Spy, La Chapelle aux Saints, Quina, and Gibraltar, and 
in the Pleistocene river deposits of Mauer, near Heidelberg, and 
more recently of Piltdown, near Lewes, prove that the ancient 
inhabitants of those regions differed from existing types by the 
possession of simian characters. 

3. That in the South of France men of modern types were 
represented in the middle and towards the close of the pleisto- 
cene age. The question of the pliocene age of man in Europe 
is non-proven and may be put to the suspense account. The 
evolution of the mammalia had arrived at the stage when living 
species of the eutherian mammalia had appeared, and therefore 
the time was ripe for the appearance of man. There are, how- 
ever, no skeletons in evidence, and the chipped flints, “ eoliths ” 
and “ eagle’s beaks * and other forms cannot be taken to be 
proof of his handiwork, because they may be made without the 
intervention of man. 

The Galley Hill skeleton, found in a pleistocene deposit 
near Northfleet, in Kent, some 25 years ago, may also go to the 
same suspense account, because the hotly-debated question as 
to their being the result of a later interment cannot ever be 
definitely settled. Both Sir John Evans and Professor Dawkins 
at the time believed that they were burials of later date than the 
pleistocene age. It is unfortunate that they should be taken 
by Dr. Keith and other competent craniologists in Britain and 
Germany to prove the presence of a modern type of man in 
Pleistocene Britain. 

If, however, there be doubt as to the age of the Galley Hill 
interment, the evidence as to the presence of the same modern 
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type at Ipswich, underneath undisturbed boulder clay, utterly 
breaks down. The skeleton lay in a hollow in the glacial sand, 
and was covered by surface soil common to the whole district, 
and here formed of decalcified re-arranged chalky boulder clays, 
proved by its presence on the top of an adjacent pit to be later 
<han the clay. It belongs to a class of burials ranging from the 
neolithic to modern times. 

The evidence as to the existence of man in Europe in the 
Eocene, Oligocene and Meiocene periods, based on the occurrence 
of “ eoliths ” is equally worthless, because it is now clearly proved 
that they may be, and in some cases have been, formed by 
natural causes, the movement and pressure of the gravels, etc. 
It also may be added to the anthropological refuse-heaps. 

Mr. D. M. S. Watson paid especial attention to the eoliths, 
which he refuses to recognise as artificial products. 


Ordinary Meeting, April 8.U1, 1913. 

The President, Professor F. E. Weiss, D.Sc., F.L.S., 
in the Chair. 

A vote of thanks was passed to the donors of the books 
upon the table. 

Mr, William IBurton, M.A., F.C.S, read a “Note on 
Black Pottery from Ashanti and the Gold Coast.” 

This paper is printed in full in the Memoirs. 

A paper entitled “ The influence of Moisture in the air 
on Metabolism in the body” was read by Mr. William 
Thomson, F.R.S.E., F.I.C. 

This paper will be printed in full in the Memoirs . 
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Annual General Meeting, April 22nd, 1913. 

The President, Professor F. E. Weiss, D.Sc., F.L.S , 
in the Chair. 

The Annual Report of the Council and the Statement of 
Accounts were presented, and it was resolved : — That the 
Annual Report, together with the Statement of Accounts, be 
adopted, and that they be printed in the Society’s Proceedings . 

Mr. F H Crewe and Mr. G. P. Varley weie appointed 
Scrutineers of the balloting papers 

The following members were elected Officers of the Society 
and Members of the Council foi the ensuing year: — 

President : Francis Nicholson, F.Z.S, 

Vice-Presidents: F. E. Weiss, I).Sc., F.L S. ; Francis 
Jones, M.Sc., F.R.S.E., F.C.S.; William Burton, M.A , F.C.S.; 
Sydney J. Hickson, M.A., D.Sc., F.R.S. 

Secretaries : R L. Taylor, F.C.S., F.I.C. ; G*orgi Hick- 
ling, D.Sc. 

Treasurer : W. Henry Todd. 

Librarian: C. L. Barnes, M.A. 

Other Members of the Council: T. A. Coward, F Z.S. ; 
G. Elliot Smith, M.A., M.D., F.R.S. ; W. W. Haldani* Gee, 
B.Sc., M.Sc.Tech., A.M.I.E.E. ; Bertram Prfnticf, Ph.D., 
D.Sc. ; R. F. GwviHtR, M.A. ; H. R. Hass^, M.A., M.Sc. 


Ordinary Meeting, April 22nd, 1913. 

The President, Professor F. E. Weiss, D.Sc., F.L.S. , 
in the Chair. 


A vote of (hanks was accorded to the donors of the books 
upon the table. Amongst these were Library of the Uni - 
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versify of California: Contenis-Index,” vol. I. (8vo., Berkeley, 
Cal., 1889-1890), presented by the University of California; 
“ Annotated Catalogue of Newspaper Files in the Library of the 
State Historical Society of Wisconsin,” 2nd ed., by A. T. Griswold 
(8vo, Madison, Wiss., 1911), presented by the State Historical 
Society of Wisconsin ; “ Report of the Committee appointed to 
report upon the Carboniferous Limestone Formation of the North 
of England, wi h special reference to its Coal Resources by 
Stanley Smith (8vo., Newcastle-upon-Tyne, 1912), presented by 
the North of England Institute of Mining and Mechanical 
Engineers; “ The Keuper Marls aiound Charnwood," by 1 '. 0 
Bosworth (8vo., Leicester, n.d.), presented by the Leicester 
Literary and Philosophical Society ; and one hundred and sixty- 
two Dissertations, presented by the K. Christian-Albrechts 
Universitet, Kiel. 

The President referred to the death, on April nth, of 
Mr. Robert Cotton, M.Sc. Mr. Cotton had been a member 
of the Society since October 18th, 1910. The Society was 
represented at the funeral by Professor J. E. Petavel. 

A question relating to the migration of birds was asked by 
Mr. C. L. Barnes, to which Mr. T. A. Coward replied, 

Mr. Francis Nicholson occupied the chair during the 
reading, by the President, of a paper entitled “A Tylo- 
dendron-like Fossil.” Professor Weiss gave an account 
of the structure of a Tylodendron-like fossil recently exhibited 
to the Society by Mr. T. A. Coward. 

Mr. Wilfrid Robinson, B.Sc. (Lond.), read a paper 
entitled “On some relations between Pucdma malvaceanm 
(Mont.) and the tissues of its host plant {Althaea rosea).” 

These papers are printed in full in the Memoirs. 
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Ordinary Meeting, May 6th, 1913. 

Professor F. E. Weiss, D.Sc., F.L.S., in the Chair. 

A vote of thanks was accorded the donors of the books 
upon the table. The following were amongst the recent acces- 
sions to the Society’s Library: — u Flo>a Capensis vol. V., 
section III., pt. ii., by Sir William T. Thiselton-I)yer (8vo., 
London, 1913), purchased ; and “ General Index to the Chemical 
JVews ) Vols. 1 to 100 ” (4to., London, 1913), purchased. 

Mr Ernest F. Lange, M I.Mech.E., A.M.Inst.C.E., F.C.S., 
read a paper entitled “ Bessemer, Goransson & Mushet’' 

A paper by Mr. II. S. Holden, M.Sc., entitled #< On some 
abnormal specimens of Dictyota dichotoma ,” was read by 
Professor F. E. Weiss, D.Sc., F.L.S. 

These papers aie printed in full in the Memoirs . 


Extraordinary General Meeting, July 22nd, 1913. 

The President, Mr. Francis Nicholson, F.ZS., in the Chair. 

Dr. Henry Wildf, FRS., read a paper, entitled “ On 

some new Multiple Relations of the Atomic Weights 
of Elementary Substances ; and on the Classification 
and Transformations of Neon and Helium.” 

'Phis paper is printed in full in the Memoirs. 
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LITERARY ANI) PHILOSOPHICAL SOCIETY. 


Annual Report of the Council , April , /p/j. 

The Society had at the beginning of the session an ordinary 
membership of 154, Since then fifteen new members have 
joined the Society, ten members have resigned, and four 
members, Mr. Walter L. Behrens*, Mr. Alfred Brothers, 
F.R.A.S, Mr. Arihur McDougall, B.Sc., and Professor 
J. Dixon Mann, M.D., F.R C.P., have died. Thus, at the 
end of the session, there are 155 ordinary members of the 
Society. The Society has further lost, by death, three honorary 
members, viz. : Mons. J. H. Poincar^, For. Mem. R.S , Professor 
Edward Strasburger, D.C.L., For.Mem, R.S., and Professor 
Ferdinand Zirkel, For.Mem. R.S. Memorial notices of these 
gentlemen will appear with this report in the Memoirs and 
Proceedings. 

The average attendance at the meetings of the Society 
during the past session has been 32 ’4. This compares very 
favourably with the average of the previous session, 2:1*5; and 
with that oLthe session 1910-11, 21. 

Twenty-eight papers have been read at the meetings during 
the year; 22 shorter communications have also been made. 

* The obituary notice will appear in the next volume. 
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The Society commenced the session with a balance in hand, 
from all sources, of ^400. 7s. iod., made up as follows : — 


At credit of General Fund ^46 14 7 

„ ,, Wilde Endowment Fund... 253 14 7 

„ ,, Joule Memorial Fund 99 18 8 

balance 31st March, 1912 ^4°° 7 10 


At the close of the session the total balance in hand 
amounted to ^263. is. fid., the amounts standing at credit 
of the various accounts on the 31st March, 1913, being : — 


At credit of General Fund ^ T 42 2 7 

,, ,, Wilde Endowment Fund... 116 11 5 

,, „ Joule Memorial Fund 4. 7 6 

balance 31st March, 1913 ^263 1 6 

The Wilde Endowment Fund, kept as a sepaiate banking 


account, shows a balance due to the Fund of ;£ii 6 11s. 5d. in 
its favour, as against a balance in hand of ^253. 14s. 7d. at the 
end of the last financial year. The receipts for the >ear 1912- 13 
show a slight increase on the receipts for the year 191 r-12. 

The Libraiian repoits that during the session 876 volumes 
have been stamped, catalogued and pressmarked ; S 13 of these 
were serials, and 63 were separate works. 210 catalogue cards 
were written, 158 for serials, and 52 for separate works. The 
total number of volumes catalogued to date is 34,627, for 
which 12,189 cards have been written. 

The library continues to be satisfactorily used for reference 
purposes. 238 volumes have been borrowed from the library 
during the past year. The number of books borrowed during 
the previous twelve months was 274, and during 1911-12, 185. 
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229 volumes have been bound during the year in 192 covers. 
The amount of binding for the previous session was 226 volumes 
bound in 189. In addition to this binding of periodicals, 64 
works of permanent value have been repaired or rebound, a 
special grant having been made to meet this extia expenditure. 

The additions to the library for the session amounted to 
955 volumes, 828 serials, and 127 separate works. The donations 
(exclusive of the usual exchanges) were 126 volumes and 162 
dissertations ; 1 volume was purchased, in addition to those 
regularly subscribed for. 

On the recommendation of a special Committee appointed 
to inquire what peiiodicals it was desirable to add to the series 
purchased by the Society, — consideration being given to the 
periodicals subscribed to by other libraries in Manchester, — two 
other journals, The Annals of Botany and The New Phytologist , 
have been added to the purchase list. The subscriptions to The 
fournal of Botany, The Gardeners ’ Chronicle , and the Registrar - 
Generals Annual Report have been discontinued. 

New exchanges have been arranged with the following* — 
Tohoku Imperial University ( The Science Reports , and The Tohoku 
Mathematical Journal ), Sendai ; the Bureau of Productive 
Industries ( leones Plantarum Formosa n a ru m , nec non et Contri- 
butions ad Floram Formosanam), Formosa ; Faraday Society 
( Transactions ), London; Indian Association for the Cultivation 
of Science ( Bulletins ) f Calcutta ; and the International Institute 
of Agriculture {Monthly Bulletins and Agricultural Statistics ), 
Rome. 

The exchange with the Philosophical Society (Bulletin), 
Washington, has been discontinued. 

Amongst the donations to the -Society's Library during the 
year mention should be made of a gift by the President of 
volumes I — XX of The Annals of Botany, Gifts of books have 
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also been made by Mr. George Barbour, Mr. C. L. Barnes, 
Mr. T. A. Coward, Mr. E. L. Rhead, Mr. A. W. Waters, and 
others. Mr. Waters presented to the library twenty-one volumes 
of the publications of the Meteorological Department of New 
South Wales. 

The publication of the Society’s Memoirs and Proceedings 
has been continued under the supervision of the Editorial 
Committee. 

The sum of ^249. ns. gd. has, at the request of Dr. Wilde, 
F.R.S., been transferred from the surplus income of the Wilde 
Endowment Fund to the Society’s Funds. 

Further accommodation for books and periodicals has been 
secured by the provision in the basement of a large bookcase, 
made from the design of Dr. Wilde. The Society is indebted 
to Dr. Wilde for the attention given by him to the carrying out 
of the work and for his interest in supervising other improve- 
ments and alterations. 

The attention of the Council has been drawn to the fact that 
hitherto no special provision has been made for extinguishing 
fire in the Society’s Rooms, and some simple forms of fire 
extinguishing apparatus have been provided, which, it is hoped, 
will serve the purpose sufficiently well. 

A sum of ^103. 6s. od., accumulated interest of the Joule 
Memorial Fund, has been invested in the East India Railway 
Company’s 4 per cent. Annuity Stock. 

Mr. A. D. Hall, F.R.S., at the Society’s invitation, delivered 
a special lecture before the Society on March 4th. The 
lecture, which was entitled “The Plant and the Soil,” was 
greatly appreciated by a large audience. It will be published 
in due course in the Memoirs . Mr. Hall was also the chief 
guest at the Annual Dinner which was held the same evening. 
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The Society has to lament the death of Mr. Arthur 
McDougall, B.Sc., who was a member for many years, and 
who served the Society for seven years as Honorary Treasurer. 

The Committees appointed by the Council during the year 
were as follows : — 


House and Finance. 


The President. 

Mr. Francis Jones. 
Mr. C. L. Barnes. 
Mr. R. L. Taylor. 


Mr. F. Nicholson. 

Mr. W. H. Todd. 

Dr. H. G. A. Hickling. 


Editorial. 

The President. Professor E. Rutherford. 

ProfessorS J. Hickson. Mr. R. L. Taylor. 

Dr. H. G. A. Hickling The Assistant Secretary. 

Wilde Endowment. 

The President. Mr VV. H. Todd. 

Mr. Francis Jones. Mr R. L. Taylor. 

Dr. H. G. A. Hickling. 

Special Library Periodical Committee. 

The President. Mr. C. L. Barnes. 

Professor S. J. Hickson. Professor E. Rutherford. 

Professor W. W. Haldane Gee. Mr. R. F. Gwyther. 

Mr. R. L. Taylor. Dr. H. G. A. Hickling. 

The Assistant Secretary. 


Alfred Brolhers, F.R A S., was born at Sheerness in 
1826 and died at Handforth, Cheshire, on August 25th, 1912. 
He was the son of a chemist and druggist, but had the mis- 
fortune to lose his father when he was only 14 years of age, so 
that his educational opportunities were limited. For some time 
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he served in a booksellers shop at Maidstone, then he obtained 
employment in the survey of the Maidstone and Ashford 
Railway, and, later on, became an insurance collector, and thus 
came to Manchester, in 1855, as agent for an insurance company. 

From the age of 16 he had been gieatly attracted by the 
then novel subject of photography, which was afterwards to form 
the basis of his life’s work, for when the insurance company 
failed he pure ased a photographic business in St. Ann’s Square 
which had been staited some few years before. At this time 
photography had made little progress beyond the stage of the 
Daguerreotype, which was followed successively by the old glass 
positive, and, finally, piinting on paper from a negative. 

Alfred Brothers soon became one of the recognized authori- 
ties on photography, and his patience and ingenuity entitle him 
to be considered as one of the pioneers in the development of 
that branch of science. His inteiest in photography v\as perhaps 
only equalled by his interest m astronomy, for he erected in his 
garden, first at Upper Brook Street and afterwards at Wilmslow, 
two fine telescopes made by Dancer, of Manchester. He is 
said to have taken the first successful photograph of the moon, 
and, in 1870, he wa*> selected as the Government photographer 
to accompany the expedition sent to Syracuse to observe the 
eclipse of the sun, and he obtained the fin>t complete photo- 
graph of the solar corona. He was also one of the pioneers in 
stellar photography. 

Incidentally it is claimed for Mr. Brothers that he was the 
first to produce magnesium ribbon and to apply it as an adjunct 
in photography. In 1863 the manufactuie of magnesium wire 
was commenced in Manchester, and he experimented with it, 
but found that the combustion was too slow to make it effective 
for photography. He one day tried passing a wire through the 
rollers' of a burnishing machine and so made the first magnesium 
ribbon. One of the earliest applications he made with this was 
to photograph the caves of the Blue John Mine at Castleton, 
Derbyshire. 
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He was elected a member of this Society in i860, and was 
for many years a constant attender at the meetings, serving as 
president at various times of the Photographic, Microscopical 
and Natural History section. He was a member of the 
Manchester Photographic Society almost from its commence- 
ment in 1855, and was one of those who founded the Astronomical 
Society of Manchester. His most important publication was a 
volume entitled “Photography: Its History, Processes, Appa- 
ratus and Materials,” first edition, 1892 ; second edition, 1899, 
and he was engaged on a third edition at the time of his death. 

VV. B. 


By the death on December 6th, 1912, of Mr. Arthur 
McDougall, B Sc., the Society has lost one of its oldest 
members and a very faithful friend. He was a son of the late 
Mr. Alexander McDougall, who came early in life from Scotland 
to settle in Manchester, and became a member of the Society in 
1844. 

Mr McDougall studied chemistry at the Owens College under 
Professor Roscoe, graduated B.Sc. at the University of London, 
and then worked for some time in his father’s laboratory on the 
products to be obtained from coal tar, with the result that many 
new compounds were introduced to commerce Afterwards, 
along with his four brothers, he founded the City Flour Mills, 
with which he remained connected to the ejpd of his life. 

Mr. McDougall soon made his knowledge of chemistry 
available in connection with his daily work, and he investigated 
in particular the mineral constituents of wheat. But his energy 
found vent in other directions, and he occupied much time in 
working out improvements in the purification of coal gas, and 
invented the “ McDougall furnace ” designed for recovering the 
sulphur from the iron oxide employed to remove sulphuretted 
hydrogen from the gas. In 1898 Mr. McDougall turned his 
attention to the problem of preparing nitric acid synthetically. 
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His paper on this subject, written in collaboration with 
Mr. Frederick Howies, created great interest when read to the 
Society in March, 1900. It was entitled, “On the Production 
of Nitric Acid fiom air by means of the Electric Flame,” and 
was undoubtedly the pioneer paper of a process which has since 
been worked successfully in many parts of the world. The 
paper is well worth perusal. The following extract will give 
some idea cf the results obtained: — “ 12y decreasing the high- 
tension current, so that only 0*15 ampere was used to feed the 
flame, 55 grms. of nitric acid were produced in an experiment 
extending over 9^ hours This is equivalent to 300 grms. per 
horse-power per 12 hours, showing an increase over the quantities 
produced in all former experiments . . . and represents 515 per 
cent, of the amount theoretically obtainable from the amount of 
air passed in.” 

Mr. McDougall was veiy proud of his long connection with 
the Society. In a letter to the writer, dated January 10th, 1910, 
he says : — “ My connection with the Society commenced when 
I was only 10 years of age. I had the run of Dr. Angus Smith’s 
laboratory from about 1855 to 1859. About 1855 Dr. Smith 
began an investigation on the air of towns, and the Society’s 
rooms being nearly in the centre of the town were used for 
the investigation, so that in a kind of way I have had a connec- 
tion of a soit for over 50 years, and am familiar with all the 
recent career of the Society, of which I became a member as 
soon as ever 1 attained my majority. My father was also a 
member from 1844 and a fairly regular attender.” 

From 1903 to 1910 Mr. McDougall was Treasurer to the 
Society and was most careful and assiduous in carrying out the 
duties of his office till ill-health compelled his resignation. 

Mr. McDougall’s quiet manner and retiring disposition 
served to keep him somewhat in the background, but to those 
who knew him well his memory will long be cherished. His 
departure is greatly deplored by a large circle of friends. 

F. J. 
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John Dixon Mann was the son of John Mann, at one 
time Borough Treasurer of Kendal. He was born at Kendal in 
1840, and was 72 years of age at his death — on April 6th, 1912. 
He was educated at the Friends’ School, Kendal, and served his 
apprenticeship to a medical man in that town. He then came 
to Manchester as a student of the Manchester Royal School of 
Medicine, took the M.R.CS. and L.S.A. in 1862, and entered 
general practice in Manchestei. In 1880 he took the degree of 
M.D. in the University of St. Andrews and the Membership of 
the Royal College of Physicians of London. In 1882 he was 
appointed Honorary Physician to the Salford Royal Hospital, a 
post which he still held at the time of his death. 

In 1885, on the appointment of the late Dr. Cullingworth 
to the chair of Obstetrics, Dr. Dixon Mann succeeded him as 
Lecturer on Forensic Medicine and Toxicology in the Owens 
College, and was made Professor of the same subjects in 1892. 
During the last few years of his life he represented the University 
of Manchester on the General Medical Council. 

His puctice for the first twenty years was of a general 
character, but after that time became more restricted to the work 
of a consulting physician, and he was elected to the Fellowship 
of the Royal College of Physicians in 1890. Duiing the latter 
part of his life he had a large consulting practice, and his opinion 
was highly valued by his colleagues as that of a physician of 
great practical experience, particularly well-balanced mind, and 
sound judgment. 

In all his work he was essentially a scientific man, and he 
carried his scientific habit of mind into his medical work at a 
time when the practice of medicine was still largely empirical 
He had a laboratory and workshop in his house, and was con- 
stantly occupied in experimental work, even when engaged in 
busy practice. 

He became a member of the Manchester Literary and 
Philosophical Society in 1875, and his first published paper \*as 
in the Proceedings for 1878 (Vol. XVII., p. 91). It was rU On an 
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improved method of projecting Lissajous’ figures on the Screen,” 
and was his only communication to the Society. He published 
many papers in the Lancet , British Medical Journal \ Medical 
Chronicle and other journals, and wrote two important books, 
viz. : “ Forensic Medicine and Toxicology,” published in 1893, 
which reached a 4th edition in 1908, and for which he was 
awarded the Swiney Prize in 1909. His other book on the 
“ Physiology and pathology of the urine, with methods for its 
examination,” was published in 1904, and embodied tne results 
of a laige amount of original experimental w'ork. 

In his earlier years he devoted much time to experiments 
bearing upon the applications of electricity to medical practice, 
but in later life he almost confined himself to chemical problems, 
more especially those beating upon the action and excretion of 
poisons and the < hemistry of the urine. He was for a time 
chairman of the Manchester and Salford Sanitary Association, 
President of the Manchester Medical Society, and of the Man- 
chester Pathological Society, and examiner in the Universities of 
London, Oxford and Sheffield, as well as Manchester. He had 
been appointed Croonian Lecturer for 1914. 

No notice, however brief, of Dr. Dixon Mann would be 
adequate without a reference to his love for music and his great 
ability as an organist. He frequently took the service at St. Peter’s 
Church, and also w r as a composer for the organ, though he did 
not care for publication. 

By his death Manchester loses a man of a type which can ill 
be spared — one who always sought the truth unflinchingly, 
who was content to labour continually for the sake of the work 
and not for the rewards the work might bring, and one of whom 
it might be difficult to say whether his modesty or his ability 
was the greater. R. B. W. 

By the death of Jules Henri Poincar^ the world of 
science has lost the most original and productive mathematical 
genius of his time. Primarily a pure mathematician, but 
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interested rathei in general principles and in the attainment of 
comprehensive points of view than in the details of calculation, 
he was led to scrutinize the methods of gravitational Astronomy 
and of Mathematical Physics m general, and was enabled to 
throw new light on questions which seemed to have attained 
the limits of their possible development. To Astronomy in 
particular he has given a new impetus by his theory of 
“ Periodic Orbits,” and the treatise on Celestial Mechanics, in 
which his researches are set forth, is held by competent judges 
to mark a step forward in the science as decisive almost as that 
made by Laplace. Not that his investigations have lightened in 
any degree, or simplified, the ordinary calculations of Astronomy, 
but they have pointed out the directions in which further light 
is to be sought on the evolution and the destinies of the 
planetary system. The catholicity of his sympathies and his 
grasp of general theories are shown also by the interest which 
he took in modern theories of electricity, which he has subjected 
to a profound and exhaustive examination. To men of science, 
outside the ranks of professed mathematicians, as well as to a 
wider circle, he is known by the collections of essays which he 
has published from time to time on questions of scientific 
philosophy, ranging from the foundations of mathematics to the 
latest cosmical and electrical speculations. Though dealing with 
almost all the profound questions of which he was a master, 
they are written in an easy and almost popular style, and illu- 
minated by brilliant flashes of humour. 

• The external facts of his life are simple. He was born at 
Nancy on April 29th, 1854, of a distinguished Lorraine family; 
the actual President of the French Republic, for instance, 
M. Raymond Poincare, is a near relative. He was educated 
partly at Nancy and partly at the Fcole Polytechnique and the 
Ecole des mines in Paris. He became Professor of Analysis at 
Caen, and subsequently occupied in succession various chairs of 
Mathematics in Pans. The various official or advisory posts 
which he held, and the academical and other distinctions which 
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were conferred upon him, are far too numerous to be recounted 
here. The admiration felt for the magnitude and the continuity 
of his labours is heightened by the fact that his health was 
always weak and his constitution somewhat frail. His death, 
which was quite unexpected, took place on July 17th, 1912, at 
an age when the woild had still great things to expect from him 
The Der nitres Persies , a posthumous collection of essays on his 
favourite topics, gives a pathetic indication that the evolution of 
his own thoughts was still in progress. H. L. 


Professor Eduard Stkasburgek, who died at Bonn on 
May 19th, 1912, was born at Warsaw in 1844. By his death 
Botan) lost one who had played a large part in the construction 
of the science in its modern form. The dates of his numerous 
publications range from 1867 to 1911. He thus came into the 
science after the significance of the theory of evolution had been 
realised, and after the main comparisons of the various groups 
of the vegetable kingdom had been correctly established by 
earlier workers. The details of cell-structuie were, however, 
only beginning to be known, and cytology, as we now under- 
stand it, was not even sketched out. Although Strasburger’s 
work was by no means limited to this field, the cytological 
interest runs through most of it, and the pioneer part he took in 
the investigation of cell-structure and nuclear division would 
alone establish his great distinction as a botanist. 

Strasburger’s early work on the details of fertilisation in 
Bryophytes, Ferns, and Conifers led to his comprehensive inves- 
tigations into the morphology of Gymnosperms, with special 
reference to the details of reproduction. To this period we owe 
“ Die Coniferen und Gnetaceen” (1872) and “ Die Angiospermen 
und die Gyranospermen ” (1879). * n i3 75 his classic work 
u Uber Zellbildung und Zelltheilung,’' which was subsequently 
published in enlarged second and third editions, appeared. From 
this period onwards his work was mainly cytological, and most 
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advances in this field either originated or were critically modified 
by his work. The mere enumeration of the subjects dealt with 
is impossible here, but mention must be made of his paper on 
“The Periodic reduction of the number of chromosomes in the 
life-history of living organisms,” read at the meeting of the 
British Association in 1894, and of his later investigations into 
the cytology of parthenogenesis, apogamy, and sex-distribution 
in dioecious plants. While these cytological studies were in 
progress, he published a large work on the conducting tissues 
ot plants that is of fundamental importance both in plant- 
anatomy and in the physiology of the ascent of water in plants. 
Strasburger was a great investigator, and not only extended and 
deepened our knowledge of plants by his own work, but per- 
sonally influenced many botanists, who worked in his reseaich 
laboratory. His writing is clear, though it is by the matter 
rather than the method of exposition that he holds the attention. 
Similarly, his interests lay rather in the research laboratory ihan 
in more elementary teaching He has, however, exerted gieat 
influence on botanical teaching in Europe and Ameiica through 
the “ Botanische Praktikum,” and later through the “ Lehrbuch 
der Botanik,” written by him and three other German botanists 
Both these works have been translated into several languages, 
and in repeated editions have played an important part in 
modern botanical teaching. His popular woik, “ Rambles on 
the Riviera,” the outcome of holiday studies, has also been 
translated into English. 

Strasburger’s scientific distinction was well recognised in 
this country. Besides being a Foreign Member of this Society 
he was a Foreign Member of the Royal Society and of the 
Linnaean Society, and received the medal of the latter society 
in 1905. W. H. L. 


Geheimrath Prof. Ferdinand Zirkel was a native of Bonn, 
where he was born on May 20th, 1:838. His early years were 
spent in that city, and he graduated in its University in 1861. 
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Fortunately, he was turned from his projected career as a mining 
engineer by the travels of his later student days, which led him, 
among other places, to Scotland, where so many others also 
have caught the passion for pure geology. At the same time he 
visited England, and doubtless learned then of the pioneer work 
of Sorby in the application of the microscope to the study of 
rocks. So early as 1862 he published an important investiga- 
tion on microscopic petrography, and soon became the leading 
exponent of the new science. His “I.ehrbuch” of 1866 was 
the first text-book of the subject. It was followed in 1873 
by the more important “ Mikroscopische Beschaffenheit der 
Mineralien und Gesteine,” and soon after (1876) by the 
“ Microscopical Petrography,” published as one of the volumes 
of the “ Exploration of the 40th Parallel.” 

To the scientific world at large, Zirkel was known as a great 
investigator and the author of very many papers on petrology 
and mineralogy. By very many he was greatly beloved as 
a teacher. He obtained his first professorship at the age of 
twenty-five, in the University of Lemberg. Five years later he 
went to Kiel, where he remained only two years. He was then 
offered the Professorship at Leipzig, which became his per- 
manent scene of labour. The brilliance of his work and the 
affection of his pupils obtained him many honours. In this 
country he was made a Foreign Member of the Royal Society 
and of the Geological Society. He was elected an honorary 
member of this Society in April, 1888. 

Zirkel maintained his activity and his love for petrology 
throughout a full life. In 1894 he completed a second edition 
of his “Lehrbuch,” in reality a new work containing the fruit of 
thirty-five years’ study, and taking its place at the head of the 
petrographical literature of the time. He continued his pro- 
fessional duties till close upon the time of his deeply lamented 
death, which took place on June nth, 1912, robbing geology of 
one of its most notable figures on the European stage. 


G. H. 
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The Univei sity , Manchester. 

Fairlie, D. M., M.Sc., Demonstrator in Electro-Chemistry 
in the Municipal School of Technology, Manchester. The 
Municipal School op Technology, Sackville Stieet, 
Manchester . 

F order, H. G., B.A., Senior Mathematical Master, High 
School, Cardiff. 33, IVoi dsworth Avenue, Cardiff. 

Fox, Thomas William, M.Sc. Tech., Professor of Textiles 
in the School of Technology, Manchester Univei sity. 
15, Clarendon Crescent, Eccles. 

Garnett, J. C. Maxwell, M. A., Principal of the Municipal 
School of Technology, Manchester. The Municipal 
School of Technology, Sackville Street, Manchester , and 
Westfield, Victoria Park , Manchester. 

Gee, W. W. Haldane, B.Sc., M.Sc.Tech., A.M.I.E.E., 
Professor of Pure and Applied Physics in the School of 
Technology, Manchester University. Oak Lea, Whalley 
Avenue, Sale . 

Gravely, F. H., M.Sc. Natural History Dept., Indian 
Museum, Calcutta. 

Gwyther, Reginald Felix, M.A., Secretary to the Joint 
Matriculation Board. 21, Booth Avenue , Withington 
Manchester, 

Hass£, IT. R., M.A., M.Sc., Lecturer in Mathematics in 
the University of Manchester. 69, Mauideth Hoad, 
Withington, Manchester. 



Date of Election. 

1902, Jan. 7. 
1907, Oct. 15. 

1895, Mar. 5. 

1884, Jan. 8. 
1909, Jan. 12. 

1909, Nov. 2. 

1905, Nov. 14. 
1898, No\ . 29. 

1896, Nov. 3. 
1909, Feb. 9. 

1889, Oct. 15. 

1913, Feb. 4. 

1907, Oct. 15. 

1913, Oct. 21. 


Ordinary Members. xlv 

Hewitt, David B., M.D. 28, Queen's Gardens , Hyde 
Park, London , W '. 

Hickling, II. George A., D.Sc., F.G.S., Lecturer in 
Paleontology in the Victoria University of Manchester. 
Glenside, Marple Bridge, near Stockport 

Hickson, Sydney J., M.A., D.Sc., F.R.S., Professor of 
Zoology in the Victoria Univeisity of Manchester. 7 he 
Univei sity, Manchester . 

Ilodgkinson, Alexander, M.B., B.Sc. 18, St. John Street , 
Manchester. 

Iloflert, Hermann Ilenr), D.Sc. (Lond.), A.R.S.M., His 
Majesty’s Inspector of Schools. Lime Grove, Brook lands. 
Sale. 

Holland, .sir Thomas II., K.C.I K . D.Sc., F.R.S, 
Professor of Geology and Mineralogy in the University 
of Manchester, late Dilector of the Geological Smvey 
of India. Weshvood, Alderley Edge , Cheshire. 

Holt, Alfred, M.A., D.Sc., Research Fellow of the Uni- 
versity of Manchester. Dowse field, A Her ton, Li 7 >etpool. 

Hopkmson, Sir Alfred, K.C., M.A., D.C.L., LL.D., late 
Vice-Chancellor of the Victoria University of Manchester. 
L airfield, Victoria Park , Manchester . 

Hopkinson, Kdvvaid, M.A., D.Sc, M.lnst.C.F. Ferns , 
Alderley Ediy, Cheshire. 

Howies, Frederick, M.Sc., Analytical and Research 
Chemist. Glenluce, Water park Road, Broughton Park, 
Mam lies ter. 

Hoyle, William Evans, M.A., D.Sc., F. R.S.E., Director 
of the Welsh National Museum, Cardiff. City Hall , 
Cardiff. 

Hubrecht, J. B., M.A., Special Lecturer in the Victoria 
University of Manchestei. North field, Knutsford , 

Cheshire. 

Hubner, Julius, M.Sc.Tech,, F.I.C., Lecturer in the 
Faculty of Technology in the University of Manchester. 
Linden , Cheadle Hulrne , Cheshire. 


Imms, A. D., M.A. , D.Sc., Reader in Agricultural 
Entomology in the Victoria University of Manchester. 
Department of Agricultural Entomology , The University , 
Manchester. 



Ordinary Members, 


xlvi 

Date of Election. 
1899, Oct. 17. 


1901, Nov. 26. 
1870, Nov. I. 
1911, Oct. 3. 


1878, Nov. 26. 


1886, Jan. 12. 
1903, Feb. 3. 


1S93, Nov. 14. 


1909, Nov. 2. 


1902, Jan. 


1911, Jan. 10. 


1910, Oct. 18 


1904, Mar. 15. 

1907, Oct. 29. 

1908, Oct. 20. 


912, Nov. 12. 


Ingleby, Joseph, M I.Mech.E. Springfield, Holly Road , 
IVilms/ow, Cheshire , and 20, Mount Street , Manchester . 

Jackson, Frederick. 14, Cioss Street, Manchester. 

Johnson, William II., B.Sc. IVoodleigh , Altrincham. 

Johnstone, Mary A., B.Sc.(Lood.), Headmistress of the 
Municipal Secondaiy School for Girls, Whitworth Street, 
Manchester. 11, Birchvale Drive , Romilty , near Man- 
chester. 

Jones, Francis, M.Sc , F. R.S.E., F.C.S. Manchester 
Ci am mar School , and 17, Wh alley Road, IV h alley 
Ranine, Manchestei . 

Kay, Thomas, J.P. Moo? pit Id, Stockfoit, Cheshire . 

Knecht, Edmund, Ph.D., Professoi of Chemistry in the 
School of Technology, Manchester University. Beech 
Mount, Mai ph , Cheshite. 

Lamb, Horace, M.A. , LL. D., D.Sc. , Sc. D., F R.S., Pro- 
fessor of Mathematics in the Victoria Umveisityof Man- 
chester. 6, IVtlbtaham Road, haliowjield, Manchestei . 

Lang, William 11., M.B., C.M., I).Sc., F.R.S., F.L.S., 
Barker Professor of Cryptogam) c Botany in the Uni- 
versity of Manchester. 2, Heaton Road, IVfthmgton , 
Manchester . 

Lange, Ernest F , M.I.Mech. E., A.M Inst.C.E., M.I. &S. 
Inst., F.C.S. hairholm , 3, Willow Bank, frallowfietd, 
A/amhede ? . 

Lankshear, Frederick Russell, B.A. (New Zeal.), 
Demonstrator in Chemistry in the Victoria University of 
Manchester. The University, Manchester. 

Lapworth, Arthui, D.Sc., F.R.S., F.I.C., I rofessor of 
Organic Chemistry in the Victoria University of Man- 
chester. 30, Amherst Road, Withington , Manchester . 

Lea, Arnold W. W. f M.D. 246, Oxford Road, Manchester. 

Leigh, Harold Shawcross. Brentwood , Worsley. 

Liebert, Martin, Ph.D., Managing Director of Meister 
Lucius and Briining, Ltd., Manchester. 1, Lancaster 
Road , Didsbury , Manchester. 

Lindsey, Miss Marjorie, BJ 5 c., Research Student in the 
Victoria University of Manchester. 3, Demesne Road, 
Whatley Range, Manchester . 



Ordinary Members. 


xlvii 


Date of Election . 

1912, May 7. Loewenfeld, Kurt, Ph.D. Fern Bank , Ogden Bead, 

Bramha //, Cheshire . 

1857, Jan. 27. Longridge, Robert Bewick, M. I. Mech. E. Yew TieeHonse, 
7 ab ley , K nuts ford, Cheslme. 

1910, Oct, r8. McDougall, Robeit, 13. Sc. City Flour Mills , German 

St) eet, Manchester. 

1012. Oct. 15. McFarlane, John, M.A. (Edin.), 13.A. (Cantab), M.Com. 

(Mane.), Lecturer in Geography in the Victoiia 
University of Manchester. The University , Manchester. 
1905, Oct. 31. McNicol, M.uy, M.Sc. 182, Upper Chorlton Road, 
Mam hestt t . 

190J, Nov. 1. Makower, Walter, B. A., D. Sc. (Lond.), Lecturer in Physics 
in the University of Manchestei. Maylands , Brook 

Road, hallow field, Manchester. 

1902, Mar. 4. Mamlleberg, Goodman Charles. Redayfjc, Victona Pai k. 
Mam lies lei . 

IQ 11, Oct. 31. Match, Margaret Colley, M.Sc. The University, Edin- 
bin gh. 

1901, Dec. 10. Massey, Herbert. Ivy I.ea, Burnage, Didshiny , 
Mam lies ter. 

1864, Nov. 1. Mathei, Sir William, P.C., M. Inst. C.E., M.l. Mech. E. Bon 
Works, Saf oid. 

1912, Nov. 26. Melland, Edward. Kia Ora, IJalc, Cheshire. 

1873, Mar. 18. Mclvill, JamesCosmo, M.A., D.Sc., K.L.S. Meole Bi ate 
Hall, Shi ewshury. 

1894, 1 eb. 6. Mond, Robeit Ludwig, M. A., E. R.S.E., F.C.S. Wilming- 
ton Hall, Nonhwith, Cheshire . 

191 j, May 9. Moseley, Ilenry Gwyn Jeffreys, B.A., Lectuier in Physics 
in the University of Manchestei. Physical Laboratories, 
'Flu University , Manchester . 

1911, Oct. 3. Mumford, A. A., M.D. Medical Officer, Manchester 

Grammar School. 44, Wiimslow Road, Withington, 
Manchester, and 23, St. Ann’s Street, Manchester. 

1912, Nov. 26. Myeis, J. E., M.Sc., Beyer Fellow and Assistant Lecturer 

in Chemistry in the Victoria University of Manchester. 
Aaesfuld, Gat ley, Cheshire. 

1908, Jan. 28. Myers, William, Lecturer in Textiles in the School of 
Technology, Manchestei University. Acresfield, Gatley, 
Cheshire . 

1873, Mar. 4. Nicholson, Francis, F.Z.S. The Knoll , Windermere , 
Westmorland . 



Ordinary Members. 


xlviii 

Dote c / Election , 

1884, April 15. 

1892, Nov. 15. 

1901, Oct. 29. 

1885, Nov. 17. 
1903, Dec. 15. 

1911, Oct. 17. 


1901, Dec. 10. 
1888, Feb 21. 

1913. Jan 7* 

1910, Oct. 4. 

1912, Oct. 29. 
1880, Mar. 23. 

1911, jan. 10. 

1910, Oct. 18. 
1897. Oct. 19. 

1907, Oct. 15. 


Okell, Samuel, F.R.A.S. Over ley. Laugh am Road, 
Bowdon , Cheshire . 


Pei kin, W. If., Sc.D., Ph.D., M.Sc., F.R.S., Waynflete 
Professor of Chemistry in the University of Oxford. 7 he 

University , Oxford. 

Petavel, J. E , B.A , D.Sc , F.R.S., Professor of Engineering 
in the Victoria University of Manchester. The Uni- 
ver sity , Mam lies let . 

Philipps, Henry Ifarcourt, F.C.S. Lynwood, Turton , 
near Bolt 012 , Lain <•. 

Prentice, Bertram, Ph.D., D.Sc., Principal, Ro)al Technical 
Institute, Salford. Isca Mount, Manchester Road , 
Main ton. 

Pring, J. N., D.Sc., Lecturer and Demonstrator in Electro- 
Chemistry in the University cf Manchester. The Uni - 
? , eisr/y t Mam hosier. 


Ramsilen, Heibeit, M.D. (Loud.), M.B., Ch.B. (Viet.) 
Sunny side, Dobcioss, near Oldham , 1 ancs. 

Ree, Alfred, Ph.D, F.C.S. 15, Manhieth Road, With - 
mgton, Manchester . 

Renold, Hans, M.I.Mech.E. Priest nail Hey , / eaton 

Mersey , Manchester . 

Rhead, E. L., M.Sc. Tech., F.I.C., Lecturer on Metallurgy 
at the Municipal School of Technology, Manchester. 
Stony croft. Polygon Avenue , Levenshulme , Manchester. 

Roberts, A. W. Rymer, M.A., Ellerbeck, Crook , 
Kendal . 

Roberts, D. Lloyd, M.D., F.R.S.K., F.R.C.P. (Lond.) 
Ravenswood, Broughton Park , Manchester. 

Robinson, Robert, D.Sc. (Viet.), Teacher pf Chemistry in 
the Victoria University of Manchester. /Vf/aT House 
Chesterfield. 

Rossi, Roberto, M.Sc. Trinity Co lege, Cambridge , 

kothwell, William Thomas. Heath Brewery , Newton 
Heath , Manchester. 

Rutherford, Ernest, M.A., D.Sc., F.R.S., Langworthy Pro- 
fessor of Physics in the University of Manchester. 17, 
IVilmsloiv Road, Withington , Manchester. 



Date of Election. 

1911, Oct. 17. 

1909, Jan. 26 

1873, Nov. 18. 

1898, Jan. 25. 
1890, Nov, 4. 

1903, April 28. 

1910, Oct. 4. 

iqo6, Nov. 27. 

1896, Feb. 18. 

1901, Dec. 10. 

1911, Oct. 17. 

1913, Jan. 21. 

1897, Nov. 30. 

1910, Oct. 18. 
1895, April 9. 

1893, Nov. 14. 


Ordinary Menders. xlix 

Sandiford, Peter, M.Sc. (Mane.), Ph.D. (Columbia). 
Faculty of Education , The University , 'Toronto , Canada . 

Schmitz, Hermann Emil, M.A., B.Sc., Physics Master at 
the Manchester Grammar School, 15, Brighton Grove , 
A’ us ho l me , Manchester. 

Schuster, Arthur, Sc.D., Ph.D., Sec.R.S., F.R.A.S., 
Honorary Professor of Physics in the Victoria University 
of Manchester. Yeldall , Twyford , Berks. 

Schwabe, Louis. Hai t Hill , Eccles Old Toad, Pendleton , 
Manchester. 

Sidebotham, Edward John, M.A., M.B., M R.C.S. 
Erics dene, Boxed on , Cheshire . 

Sidebottom, Henry. Woodstock, Bramhally Cheshire , 

Smith, Grafton Elliot, M. A., M.D., F.K.S., Professor of 
Anatomy in the University of Manchester. The Uni- 
versity, Manchester. 

Smith, Norman, D.Sc., Assistant Lecturer in Chemistry in 
the Victoria University of Manchester. 7 'he University , 
Manchester. 

Spence, David. Lowood, Hindhead , Has le mere, R.S.O., 
Surrey. 

Spence, Howard. Audley, Broad Road \ Sale, Cheshire. 

Start, Laura, Lecturer in Art and Handicraft in the Uni- 
versity of Manchester. Moor View, Mayfield Road, 
A'ersal, Manchester. 

Stewart, Charles Duncan, B.Sc. Kew Observatory , Rich- 
mond, Surrey. 

Slromeyer, C. E., M.Inst.C.E Steam Users' Association, 
9, Mount Street, Albert Square, Manchester , and 
Landfield, l Vest Didsbury. 


Tattersall, Walter Medley, D.Sc., Keeper of the Man- 
chester Museum. The Museum, University, Manchester. 

Tatton, Reginald A., M.Inst.C.E., Engineer to the 
Mersey and I r well Joint Committee. Manor House , 
Ch el ford, Cheshire. 

Taylor, R. L., F.C.S., F.I.C. Municipal Secondary School, 
Whitwoi ih Street, and 4, St. Wet burgh' s Road, Chorltott- 
c. - Hardy , A lanchester. 



Oidinary Members. 


1 

Date of Election. 

1906, April 10. 
1911, Oct. 17. 

1911, Jan. 10. 

1873, April 15 - 
1896, Jan. 21. 
1896, Jan. 21. 
1899, Oct. 17. 

1909, Jan. 26. 

1912. Oct. 15. 

1873, Nov. 18 
1906, Nov. 13. 
1892, Nov. 15. 

1909, Feb. 9. 

1908, May 12. 


Thewlis, Councillor J. H. Daisy Mounts Victotia Park, 
Manchester. 

Thoday, I)., M.A., Lecturer in Plant Physiology in the 
University of Manchester. The University , Man- 
chester. 

Thomson, J. Stuart, Ph.D. (Bern), Senior Demonstrator 
in Zoology in the Victoria University of Manchester. 
The University , Manchester. 

Thomson, William, KRS.E, F.l.C, F.C.S. Royal 
Institution , Manchester . 

Thorburn, William, M.D, B.Sc. 2, St. Peter's Square, 
Manchester . 

Thorp, Thomas, F.R.A.S. Most Rank, White field, near 
Manchester . 

Todd, William Henry. Rivington, Mam Road , Mtxton, 
near Manchester . 


Varley, George Percy, M.Sc. (Vic), Assistant Master in 
the Municipal Secondary School, Manchester. 19, May- 
field Road , Whallcy Range, Manchester. 


Walker, Miles, M.A , M.I.E.E., Professor of Electrical 
Engineering, the Municipal School of Technology, 
Manchester. The Cottage, Leicester Road, Hale, 
Altrincham. 

Wateis, Arthur William, F.L.S., F.G.S. Alderley , 

McKinley Road, Bournemouth . 

Watson, D. M. S., M.Sc 60, Lissenden Mansions , High gate 
Road, London , N. W. 

Weiss, F. Ernest, D.Sc., F.L.S., Acting Vice-Chancellor 
and Professor of Botany in the Victoria University of 
Manchester. Easedale, Disley , Cheshire. 

Weizmann, Charles, Ph.D., D.Sc., Reader in Bio-Chemistry 
in the Victoria University of Manchester. The Uni- 
versity, Manchester 

Welldon, Rt. Rev. J. E. *C., D.D., Dean of Manchester 
The Deanery , Manchester . 



Date of Election. 

1911, Oct. 17. 


Ordinary Members. 


li 


West, Tom, B.Sc., Chemist and Metallurgist. /(?/, Spring 
Bank Street , Stalybriage , near Manchester . 


1901, Oct. 1. Wild, Robert B., M.D., M.Sc., F.R.C.P., Professor of 
Materia Medica and Therapeutics in the Victoria 
University of Manchester. Broome House , Fallowfield \ 
Manchester. 


1859, Jan. 25. 
1909, Jan. 26. 


1905, Oct. 31. 
i860, April 17. 
1863, Nov. 17. 

1895, Jan. 8. 


Wilde, Henry, D.Sc., D.C.L., F.R.S. The Huist, Alderley 
Edge, Cheshire. 

Wolfer.den, John Henry, B.Sc. (Lond.), A.R.C.S (Lond.), 
Assistant Master in the Municipal Secondary School, 
Manchester. 13, Bole Lane , Failsworth. 

Woodall, Herbert J., A.R.C.S. 32, Market Place , Stockport. 
Woolley, George Stephen. Vuioiia Bridge, Manchester. 
Worthington, Samuel Barton, M.Inst.C.E., M.I.Mech. E. 

Mill Bank, Boivdon, and 37, Princess S/feet, Manihestei . 
Worthington, Wm. Barton, B.Sc., M.Inst.C.E. Kirksiyles , 
Du (fie la, veai Derby. 


N.B. — Of the above list the following have compounded tor their 
subscriptions, and are therefore life members : — 

Bailey, Charles, M.Sc., F.E.S. 

Bradley, Nathaniel, F.C.S. 

Ingleby, Joseph, M.I.Mech. E. 

Johnson, William II., B.Sc. 

Worthington, Wm. Barton, B.Sc., M.Inst.C.E. 



lii 


Honorary Members. 


Date of Election. 
1892, April 26. 

1892, April 26. 

1894, April. 17. 
1889, April 30. 

1892, April 26. 
1886, Feb. 9. 

1889, April 30. 
1903, April 28. 
1866, Oct. 30. 

1892, April 26. 

1892, April 26. 


HONORARY MEMBERS. 


Abney, Sir William de W., K.C.B , D.C.L., D.Sc., F.R S. 
Rath more Lodge, Bolton Gardens South , South Kensington, 
/ ondon, S. IV. 

Amagat, E. H., For. Mem. R.S., Memb. Inst. h r. 
(Acad. Sci.), Examinateur a l’$cole Polytechnique. 
Avenue ddOittans, 19, Parts. 

Appell, Paul, Membre de l’lnstitut, Professor of Theoretical 
Mechanics. Faculty des Sciences, Pat is. 

Avebury, Right. Hon. John Lubbock, Lord, D.C.L., 
LL.D., E R. S. High Elms , Down , Kent . 


Baeyer, Adolf von, F01. Mem. R.S., Professor of Chemistry 
in the University of Munich. I, Arcisstrasse , Munich , 
Baker, John Gilbert, F.RS., F.L.S. 3, Cumberland 
Road , Kew. 


Carruthers, William, F.R.S., F.LS. 44, Central Hill , 
Norwood \ London , S.E. 

Clarke, Frank Wigglesworth, D.Sc. United States 
Geological Survey , Washington , D.C., US. A. 

Clifton, Robert Bellamy, M.A., F.R.S., F.R.A.S., Pro- 
fessor of Experimental Philosophy in the University of 
Oxford. 3, Bardwell Road , Banbury Road , Oxford. 

Curtius, Theodor, Professor of Chemistry in the University 
of Kiel. Univet stint, Kiel. 


Darboux, J. Gaston, Membre de PInstitut, Secretaire per- 
petuel de l’Acadlmie des Sciences, Doyen honoraire de 
la Faculty des Sciences. 3, Rue Mazarine , Paris. 



Honorary Members . 


liii 


Date Elution. 

1 894» April 17. Debus, II.. Ph.D., F.R.S. 4. Schlanqenweg , Cosset , 
Hessen , Germany . 

1900, April 24. Dewar, Sir James, M.A., LL.D., D.Sc., F.R.S., V.P.C.S., 
Fullerian Professor of Chemistry at the Royal Institution. 
Royal Institution , Albemarle Street , London , IF. 


1892, April 26. Edison, Thomas Alva. Orange , AC/., U.S.A . 

1895, April 30. Elster, Julius, Ph.D. 6, Lessingstrasse, Wolfenbuttel . 
1900, April 24. Ewing, Sir J. Alfred, K.C.K., M.A., LL.D., F.R.S. , 
Director of Naval Education to the Admiralty. Frog- 
hole , Edenbridge , Kent . 


1889, April 30. 
1900, April 24. 

1892, April 26. 

1900, April 24. 

1895, A P ri l 3°* 
1894, April 17. 

1894, April 17. 

1900, April 24. 
1894, April 17. 
1894, April 17. 
1892, April 26. 


Farlow, W. G., Professor of Rotany at Harvard College. 
Harvaui College , Cambridge , Mass. , U.S.A. 

Forsyth, Andrew Russell, M.A., Sc.D., LL.D., F.R.S. 
Professor of Mathematics at the Imperial College of 
Science and Technology. The Imperial College of 
Science and Technology , .S’. Kensington, London. 
Fiirbringer, Max, Professor of Anatomy in the University 
of Heidelberg. Univet si tat, Heidelbeig. 

Geikie, James, D.C. L., LL.D., F.R.S., Murchison Pro- 
fessor of Geology and Mineralogy in the Univeisity of 
Edinburgh. Kilmorie, Colinton Road , Edinburgh. 
Geitel, Hans. 6, Lessingstrasse , Wolfenbuttel. 

Glaisher, J. W. L., Sc.D., F.R.S. Trinity College , 
Cambridge. 

Gouy, A., Corr. Memb. Inst. Fr. (Acad. Sci.), Professor 
of Physics in the University of Lyons, bacuitt des 
Sciences , Lyons. 

Haeckel, Ernst, Ph.D., Professor of Zoology in the Uni- 
versity of Jena. Zoologisches Institut, Jena. 

Harcourt, A. G. Vernon, M.A., D.C.L., F.R.S., V.P.C.S. 

St. Clare, Ryde, Isle of Wight. 

Heaviside, Oliver, Ph.D., F.R.S. Homefitld, Lower War- 
berry, Torquay . 

Hill, G. W. West Nyack, N. Y„ U.S.A. 



Honorary Members. 


liv 

Date of Election, 

1888, April 17. 


1892, April 26. 


1894, April 17. 

1902, May 13 
1892, April 26. 
1887, April 19. 

1902, May 13. 

1900, April 24. 


1892, April 26. 

1901, Apri 23. 
1895, April 30 

1894, April 17. 


Hittorf, Johann Wilhelm, Professor of Physics at Munster, 
Poly tech ttic uni, Munster. 


Klein, Felix, Ph.D., For. Mem. R.S. , Corr. Memb. Inst. 
Fr. (Acad. Sci.), Professor of Mathematics in the 
University of Gottingen. 3, Wilhelm Wehet Slrasse , 
Gottingen. 

Konigsberger, Leo, Professor of Mathematics ir the Univer- 
sity of Heidelberg. Universitctt , Heutelbetg. 

Larmor, Sir Joseph, M.A., D.Sc., LL.D., F.R.S. , 
F.R.A.S. St. John's College , Cambridge. 

Liebermann, C., Professor of Chemistry in the University 
of Berlin. 29, Matthai-Knck Sltasse, Bet /in. 

Lockyer, Sir J. Norman, K.C.B., LL.D., Sc.D., F.R.S,, 
Corr. Memb. Inst. Fr. (Acad. Sci.). Hill Observatory , 
Salcombe Regis , Sid mouth, Devon. 

Lodge, Sir Oliver Joseph, D.Sc., LL.D., F.R.S., Principal 
of the Univeisity of Birmingham. The Univetstty , 
Birmingham. 

LorenU, Ilenrik Anton, For. Mem. R.S., Corr. Memb, 
Inst. Fr. (Acad. Sci ), Professor of Physics in the 
University of Haarlem Zijlweg , 76, Haarlem. 


Marshall, Alfred, M.A., formerly Professor of Political 
Economy in the University of Cambridge. Balltol Cioft, 
A/adingley Road , Cambridge . 

Metschnikoff, tlie, D.Sc , For. Mem. R.S. Jnstitut Pasteur , 
Paris. 

Mittag-Lefiler, Gosta, D.C.L. (Oxon.), For. Mem. R.S., 
Professor of Mathematics in the University of Stockholm, 
Djursholm, Stockholm. 

Murray, Sir John, K.C.B., LL.D., Sc.D., Ph.D., 
F.R.S, F.L.S. Challenge ? Lodge , Wardre f Edinburgh . 


1910, April 5. Nernst, Geh. Prof. Dr. Walter, Director of the Physikal- 
Chemisches Institut in the University of Berlin. Ant 
K arlsbad 26a, Berlin W. 35. 



Honorary Members. 


lv 


Date of Election 

J902, May 13. Osborn, Henry Fairfield, Professor of Vertebrate Pakeon- 
tology at Columbia College. American Museum of 
Natural Hi story , IV. 77 Street, New Yotk , U.S.A. 

1894, April 17, Ostwald, W. , Professor of Chemistry. Groszbothen , I\gr. 
Sachsen . 

1899, April 25. Palgiave, Sir Robert H. Jnglis, F.R.S., F.S.S. Hensteaa 
Hall , IVreniham , Suffolk. 

1804, Apiil 17. Pfeffer, Wilhelm, For. Mem. R.S., Professor of Botany 
in the University of Leipsic. Botanisches Institute 
Leif sic. 

1892, April 26. Quincke, G. II., For. Mem. R.S., Professor of Physics 
in the University of Heidelberg. Univei sitat, Heidelberg. 

1899, April 25. Ramsay, Sir William, K.C.B., Ph.D., Sc.D., M.D., 

F.R.S., Professor of Chemistry in University College, 
London. 19, Chester 1 'ertace , Regent's Lathy London , 
N. IV. 

1886, Feb. 9. Rayleigh, Right lion. John William Strutt, Lord, O.M., 
M.A., D.C.L. (Oxon.), Sc.D. (Cantab.), LL.D. (Univ. 
McGill), F.R.S., F.R.A.S., Corr. Memb. Inst. Fr. 
(Acad. Sci.), Chancellor of the University of Cambridge. 
Ter ling Place y IViiham, Essex . 

1900, April 24. Ridgway, Robert, Curator of the Department of Birds, U.S. 

National Museum. Brookland \ District of Columbia , 
U.S.A . 

1897, April 27. Roscoe, Right Hon. Sir Henry Enfield, B.A., D.C.L. 

LL.D., F.R.S., V.P.C.S., Corr. Memb. Inst. Fr. (Acad. 
Sci,). 10, Bramham GardenSy Earfs Courty London y 
S.W. 

1902, May 13. Scott, Dukinfield Henry, M.A., LL.D.. Ph.D., F.R.S., 
F.L.S. East Oakley House , Oakley , Hants. 

1892, April 26. Solras, H., Graf zu, Professor of Botany in the University 
of Strassburg. Univer sit city S trass burg. 

1895, April 3 0, Suess, Eduard, Ph.D., For. Mem. R.S., For. Assoc, Inst. 

Fr. (Acad. Sci.), Professor of Geology in the University 
of Vienna. 9, Africaner gas sty Vienna . 
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Date of Elect ten. 

1892, April 26 


1895, A P ri l 3°* 


1894, April 17. 
1894, April 17. 


1886, Feb. 9 


Thiselton-Dyer, Sir William T., K.C.M.G., C.I.E., M.A., 
Sc.D., Ph.D., LL.D., F.R.S. Lately Director Royal 
Botanic Gardens, Kew. The Ferns , Witcombe , 

Gloucester. 

Thomson, Sir Joseph John, O. M., M.A., Sc.D., F.R.S., 
Cavendish Professor of ^Experimental Physics in the 
University of Cambridge. Tiinity College , Cambridge. 

Thorpe, Sir T. Edward, C.B., Ph.D., D.Sc., LL.D., 
F.R. l S., V.P.C.S. Whtnfield , Salcombe , S. Devon. 

Turner, Sir William, K.C.B., M.B., D.C.L., LL.D., 
Sc.D., F.R.S., F.R.S.E, Professor of Anatomy in the 
University of Edinburgh. 6, Eton Terrace y Edinburgh. 

Tylor, Sir Edward Burnett, D.C.L. (Oxon), LL.D. (St. 
And. and McGill Univs.), F.R.S., formerly Professor of 
Anthropology in the University of Oxford. Linden , 
Wellington , Somerset. 


1894, April 17. Vines, Sidney Howard, M.A., D.Sc., F.R.S., F.L.S., 
Sherardian Professor of Botany in the University of 
Oxford. Heading ton Hill , Oxford. 


1891, April 17. Warburg, Emil, Professor of Physics at the Physical 
Institute, Berlin. Physikahsches Institute None Wilhelm- 
strasse, Berlin. 

1894, April 17. Weismann, August, For. Mem.R.S., Professor of Zoology 
in the University of Freiburg. Universitat> Freiburg i. 
Br. 


CHANGES OF ADDRESS. 

Members are particularly requested to inform the Secretaries 
of any errors in their addresses or descriptions. 


Awards of the Dalton Medal. 

1898. Edward SchuncKt Ph.D., F.R.S. 

1900. Sir Henry E. Roscoe. F.R.S. 

1903. Prof. Osborne Reynolds, LL.D m F.R.S. 
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THE WILDE LECTURES. 


1897. (July 2.) “On the Nature of the Rontgen Rays/ 1 

By Sir G. G. Stokes, Bart., F.R.S. {28 pp.) 

1898. (Mar. 29.) “ On the Physical Basis of Psychical 

Events.” By Sir Michael Foster, K.C.B., 
F.R.S. (46 pp.) 

1899. (Mar. 28) “The newly discovered Elements; 

and their relation to the Kinetic Theory of 
Gases.” By Prof. William Ramsay, F.R.S. 

{19 pp.) 

1900. (Feb. 13.) “ The Mechanical Principles of Flight.” 

By the Rt. Hon. Lord Rayleigh, F.RS. 

{26 pp) 

1901. (April 22.) “ Sur la Flore du Corps Humain.” 

By Dr. Elie Metschnikoff, For.Mem.R.S. 

(3 8 PP-) 

1902. (Feb. 25.) “ On the Evolution of the Mental 

Faculties in relation to some Fundamental 
Principles of Motion.” By Dr. Henry Wilde, 
F.R.S. (34 pp., 3 pis.) 

1903. (May 19.) “ The Atomic Theory.” By Professor 

F. W. Clarke, D.Sc. ( 32 pp) 

1904. (Feb. 23.) “The Evolution of Matter as revealed 

by the Radio-active Elements.” By Frederick 
Soddy, M.A. (42 pp) 
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The . Wilde Lectures. 


1 905 . (Feb. 28.) “ The Early History of Seed-bearing 

Plants, as recorded in the Carboniferous Flora/' 
By Dr. D. H. Scott, F.R.S. {32 pp.,3 pis.) 

1906. (March 20.) “ Total Solar Eclipses." By Pro- 

fessor H. H. Turner, D.Sc., F.R.S. (32 pp.) 

1907 (February 18) “The Structure of Metals." By 
Dr. J. A. Ewing, F.R.S., M.Inst.C E ( 20 pp ., 
3 pis., and 3 text-figs.) 

1908. (March 3.) “On the Physical Aspect of the 

Atomic Theory." By Professor J. Larmou, 
Sec. R.S. (34. pp.) 

1909. (March 9) “On the Influence of Moisture on 

Chemical Change in Gases" By Dr. Ii 
Brereton BAKLfc, F.R.S. {8pp.) 

1910. (March 22.) “ Recent Contributions to Theories 

regarding the Internal Structure of the Earth." 
By Sir Thomas H. Holland, K.C I.E., D.Sc, 
F.R.S. 


SPECIAL LECTURE. 

1913. (March^) “ The Plant and the Soil." By A. D. 
Hall, M.A., F.R.S. 
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LIST OF PRESIDENTS OF THE SOCIETY. 


Date of Election. 

1781. 

1782-1786. 

1787-1789. 

1789-1804. 

1805-1806. 

1807-1809. 

1809. 

1809-1816. 

1816-1844. 

1844-1847. 

1848-1850. 

1851-1854. 

1855-1859. 

1860-1861. 

1862-1863. 

1864-1865. 

1866-1867. 

1868-1869. 

1870-1871. 

1872-1873. 

1874-1875 

1876-1877. 

1878-1879. 

l88o-l88l. 

1882-1883. 

1884-1885. 

1886. 

1887. 


Peter Mainwaring, M.D., James Massey. 
James Massey, Thomas Pekcival, M.D., F.R.S. 
James Massey. 

Thomas Percival, M.D., F.R.S. 

Rev. George Walker, F.R.S. 

Thomas Henry, F.R.S. 

*John Hull, M.D., F.L.S. 

Thomas Henry, F.R.S. 

John Dalton, D.C.L, F.R.S. 

Edward Holme, M.D., F.L.S. 

Eaton Hodgkinson, F.R.S., F.G.S. 

John Moore. F.L.S. 

Sir William Fairbairn, Hart., LL.D., F.R.S. 
James Prescott Joule, D.C L., F.R.S. 

Edward William Binney, F.R.S., F.G.S. 
Robert Angus Smith, Ph.D., F.R.S. 

Edward Schunck, Ph.D., F.R.S. 

James Prescott Joule, D.C.L., F.R.S. 

Edward William Binney, F.R.S., F.G.S. 

James Prescott Joule, D.C.L., F.R.S. 

Edward Schunck, Ph.D., F.R S. 

Edward William Binney, F“\R.S., F.G.S. 

James Prescott Joule, D.C.L., F.R.S. 

Edward William Binney, F.R.S., F.G.S. 

Sir Henry Enfield Roscoe, D.C.L., F.R.S. 
William Crawford Williamson, LL.D., F.R.S. 
Robert Dukinfield Darbishire. B.A., F.G.S. 
Balfour Stewart, LL.D., F.R.S. 

* Elected April 28th; resigned office May 5th. 
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Bate of Election. 

1 888-1889. 
189O-189I. 
1892-^893. 
1894-1896. 
1896. 

1897-1899. 

1 899-1901. 
I9OI-I903. 
1903^905. 
J905-I907. 
1907-1909. 
1909-191 1. 
I9H-I913. 
19 * 3 - 


List of Presidents of the Society. 

Osborne Reynolds, LL.D., F.R.S. 
Edward Schunck, Ph.D., F.R.S. 
Arthur Schuster, Ph.D., F.R.S. 
Henry Wilde, D.C.L., F.R.S. 

Edward Schunck, Ph.D., F.R.S. 

James Cosmo Melvill, M.A., F.L.S. 
Horace Lamb, M.A., F.R.S. 

Charlb:s Bailey, M.Sa, F.L.S. 

YV. Boyd Dawkins, M.A., D.Sc., F.R.S. 
Sir William H. Bailey, M.I.Mech.'E. 
Harold Baily Dixon, M.A., F.R.S. 
Francis Jones, M.Sc., F.R.S.E. 

F. E. Weiss, D.Sc , F.L.S. 

Francis Nicholson, F.Z.S. 




